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P-ROGEEDI-NGS
(8:31 a.m)

CHAIl RMVAN WALLI'S: This is a neeting of the
Advi sory Conmmi tt ee on React or Saf eguards, Subcomittee
on Thermal Hydraulic Phenonena.

|'m Graham Wallis, the Chairman of the
Subcommi ttee. Subconmittee nenbers in attendance are
TomKress, Victor Ransom Peter Ford and Dana Powers,
and | think Jack Sieber may cone, too.

Consultants in attendance are Sanjoy
Banerjee and Virgil Schrock.

The purpose of this neeting is to discuss
t he application of the TRACG code to the econom ¢ and
sinplified boiling water reactor, ESBWR -- at | ast we
know what its nane is -- and the ESBWR scaling
anal ysi s.

The Subcommittee will hold discussions
with representatives of the NRC staff, General
El ectric Nucl ear Energy, and ot her interested persons
regardi ng this nmeasure. The Subcommttee will gather
i nformati on, analyze relevant issues and facts, and
formulate proposed positions and actions as
appropriate for deliberation by the full Commttee.

Ral ph Caruso is the Designated Federal

Oficial for this neeting.
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The rules for participation in today's
neeti ng have been announced as part of the notice of
this neeting previously published in the Federal
Regi ster on June 25th, 2003.

Portions of this neeting will be cl osed
for the discussion of proprietary information.

A transcript is being kept and will be

made available as stated in the Federal Reqister

notice. It is requested that speakers first identify
t hensel ves and speak with sufficient clarity and
vol une so that they can be readily heard.

We have not received any requests from
menbers of the public to make oral statenents or
witten comments.

We will now proceed with the neeting, and
| call upon Ms. Any Cubbage of the O fice of Nuclear
Regul ati on to begin, please.

MR. CARUSO. One nore comment. Dr. Peter
For d.

MEMBER FORD: I have a conflict of
interest since I'ma GE. retiree.

CHAI RMAN WALLIS: Ckay. Thank you.

MR. CARUSC  Amy.

M5. CUBBAGE: Thank you.

On behalf of the staff, late this
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afternoon we'll be meking presentations to the
Committee. This norning we're going to begin with
General Electric. M. AtamRao i s the project manager
for the ESBWR project. He'll be providing an overvi ew
of the project.

CHAI RVAN WALLI S: Atam it's always a
pl easure to hear fromyou, and I'' mglad we finally got
you here to talk about this inpressive machine of
yours.

MR, RAC Thank you for giving us the

We wanted to give you an update on where
the design is and where the technology closure is
going on this project.

One of our objectives of this pre-
application reviewis shown in Chart No. 3, and |'1|
get to that, and that is to obtain closure on the

t echnol ogy programt hat's been ongoi ng for the |l ast 15

years. |'Ill give you an overview of the design and
t he program "1l give you an overview of the
submttals we've mde since | nade a  brief

presentation tothe ACRS | ast year and sunmmari ze where
we are going in the overall project.
| know you had nentioned that you're gl ad

that we finally announced what the ESB stands for. W
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were waiting for a utility, Entergy or Excelon, so
that we'd nane the E after them but | guess that
hasn't happened yet. The E stands for economic. W
finally decided that in the early part of this year
the --

CHAI RMAN  WALLI S: Are you going to
denonstrate that this is economc for us?

MR. RAO Not for you.

(Laughter.)

MR. RAO We save that for the utilities.
We focused on the safety part. That's what the S
stands for. The mddle initial was S, safety.

kay. No, sinplified, and that --

MR, SCHROCK: Was it fornmerly something
el se, Atanf

MR. RAG Pardon?

MR SCHROCK: Was it sonme other nane
previously?

MR.  RACO There has been a |ot of
confusi on on what the Estood for. It m ght have been
European in the earlier days when we started of f about
ten or 11 years ago.

CHAl RMAN WALLI'S: It's not "excellent," is

MR. RAQ Even sinpler than the SBWR, ES.

NEAL R. GROSS
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(Laughter.)

MR. RAO  The goals for the technol ogy
closure are listed out here. Basically two basic

goal s that we have for the technol ogy cl osure program
One is approval of the TRACG code for analysis, and
t he second is confirmation of the adequacy of TRACG

Let nme just describe what those two goal s
mean specifically. Basically we're |ooking for the
approval of TRACG for the vessel response to pipe
breaks, which is the loss of coolant accident,
sonetinmes called the DBA and sonetines called
ECCS/ LOCA.

| wanted to put down the definition of
terms here because we'll be wusing that in the
presentations all the way through. So ECCS/ LOCA
refers to the vessel response to the pipe break.
That's what you wll be hearing in all of the
different presentations.

And t he contai nment response to the pipe
break will be referred to as containment/LOCA, and
then we'll be tal king about the vessel response to
anti ci pat ed operational occurrences, sonetines called
transi ence. People will be using that term nol ogy

i nt erchangeabl e, and sonetinmes it's called AQCO
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The fourth one, which is the plant
response t o ATWS and normal operation stability is not
currently part of the technol ogy programand we w ||
be com ng back shortly on that. It was nore a
guestion of time rather than that this is not what --

it had nothing to do with the adequacy of the TRAC

code or whatever. It was just --
CHAI RVAN WALLI'S: There are still sone
very interesting issues for us, | think, those two.

MR. RAO. Yes, but we just ran short of
time. \Wat the overall goal here is to show that.
"1l come back in the take-away at the end.

The second nmaj or goal, which is actually
a subpart of the approval of the TRACG code is a
confirmation of the adequacy of TRACG which neans
that the qualification base that we're taking is
adequate. We've done enough testing. There's enough
qualification of the uncertainties and all of those
i ssues that go into the qualification of TRACG

So as | started off earlier, what we've
done here is a 15-year plus year conprehensive
technol ogy program and it's using essentially the
same t hermal hydraul i c technol ogy that i s used in nost
BWRs, and is that enough?

And it is an inportant question because
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ultimately | wasn't going to tal k about econom cs or
all the rest of it; ultimately industry has to know
whet her or not we have done enough and whet her we need
to spend nore noney, and the sponsors will viewthat
as incomplete if we don't get cl osure on sone of these
i ssues, and that there's no way to get closure.

So that's why we've coined the term
"technol ogy closure.” The official termnology is
pre-application review.

This goesintoalittle bit nore detail on
what the steps are for the technol ogy closure plan.
Basically we're | ooking for safety eval uati on report
for the TRACG application for ECCS/ LOCA, the sane for
contai nment/LOCA, and for application for AQCGCs.
That's in the first phase of the technol ogy closure
program

That would be based on the different
submttals that have been made. The TAPD is the
t echnol ogy and anal ysis program description. That
gives the road map for what has been done, what are
t he i nportant paraneters, what qualificationis needed
for those inportant paraneters, and the different
phases of the transience.

You will hear a detailed presentation by

Dr. Shiralkar on that. So one --
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CHAI RVAN WALLI S: Let ne interject here.

| nmean, you've got four approvals of application of
TRACG f or sonet hi ng.

MR RAQ Right.

CHAl RVAN WALLI'S:  So we're back to where
we usually are with these codes. W know the codes
have assunpti ons and shortcuts and so onin them and
yet they get approved for a particular application
rather than sort of approving the code as being
perfect in itself, which it never is.

MR RAQ Right.

CHAI RVAN WALLI S:  The approach al ways is
to look at howit conpares with data for a particul ar
application; say for that application it's okay.

MR RAQ Right.

CHAI RVAN WALLI S: That's where we usual |y
are. |I'mjust sort of reiterating where we are. W
always find ourselves with codes when we sort of
approve t hemfor applications rather than sone generic
way .

MR. RAO That's what we're asking for,
for a specific application.

CHAl RMVAN WALLIS: In away, this is a way
of getting around what we might say were not

necessarily shortcom ngs, but shortcutsinthe code by

NEAL R. GROSS
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just looking at the specific applications. So we
never face up to going back to the code and sayi ng,
"Let's fix the whole thing so we don't have to keep
| ooking at application.”

MR. RAO And the TRACG application for
ATW5, we have not yet submtted an application
nmet hodol ogy. That's why it's too early to ask for the
approval of that.

And for stability, we were going to use
ODYSY as the basis for the eval uations there and sone
TRACG cal cul ati ons. Again, we haven't submtted the
appl i cati on methodology for that. So we will cone
back and be working with the staff to define a
schedul e for doing that.

So this gives the overall picture for what
are the -- oops. | keep pressing the wong buttons.

MR SCHROCK: Your statenent about LOCAis
ki nd of general, and don't you di sti ngui sh between t he
| arge break LOCA and the small break LOCAs?

MR RACG No, we don't.

MR. SCHROCK: In what you're doing to
i nprove the technol ogy?

As | read sone of the reports | had the
i mpression that the | arge break LOCA was bei ng cl ai med

to be covered by previous technol ogy, nothing newto

NEAL R. GROSS
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deal with as a result of the design of ESBWR. |s that
wrong?

MR RAG No, that's not true.

MR, SCHROCK: Ckay.

MR RAO What we're saying, the first
one, ECCS/LOCA or containment/LOCA covers the full
spectrum of break sizes. Ckay? So we are covering
small to large break. There may be sone --

MR.  SCHROCK: But there is such a
statement in the reports that the | arge break LOCAis
basically the sane as before.

MR RAO |I'mnot aware of that. There
are --

MR, SCHROCK: Well, 1'"Il find it.

MR. RAO Ckay. The ESBWRis basically an
evolution wthin a small range which basically
m ni m zes operational risks. What you'll see is
t here's been just -- you know, when you go back to the
earlier plant designs, they were alnost in the 3,300
nmegawatt range, and the ESBWRis up to 4, 000 negawatts
t her mal .

There's not a huge increase in the range
of power that we have a | ot of years of experience.
We don't want to | ose the 40, 50 years of experience

with BWRs t hat we' ve had over the | ast 40 or 50 years.
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Even t he conponent sizes aren't that nuch
| arger. What you seeisit's the sanme vessel dianeter
as the ABWR, 7.1 neters. |In fact, that's how we sort
of set the power level. W said we'd keep the sane
vessel diameter and see what's the nmaxi num power we
can get fromit.

CHAl RVAN WALLI S: Now, do these take
account of the recent power uprates, these nunbers?

MR. RAO These do not take account of the
recent uprates. These were the original power.

CHAl RVAN WALLI'S: Okay. Wth the power
uprate we're already in the range of ESBWR

MR. RAC Right. Wwen we |ook at the
power densities and all, the nunmbers that are shown
here are with the original designs. The power
uprates, there are sone that have gone to 62 kil owatts
per liter. Okay?

So this is with the original design.
That's where we got the years of experience.

The nunmber of fuel bundles also --

CHAl RMAN WALLI'S: Is this the sane fuel as

MR. RAO  Yes.
CHAl RMVAN WALLI S: It's the sane fuel as

you're going to use?

NEAL R. GROSS
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MR RACO It's the sanme standard fuel
except that it's a little bit shorter, three nmeters
conmpared to 3.7 neters. OQherwiseit's the sane fue
desi gn.

Agai n, the concept being that nore froman
econom ¢ and conmercialization point of view, you
don't want to design a new fuel where you've got to
build new factories. People would order a plant one
at a time so that we -- we've got to nake sure that
the first oneis econonm c and you' ve got the factories
in place.

We are not relying on a six pack order to
make this comrercially viable.

So the power density as you notice out
here is in the range of where we've got lots of
experience with the power uprates. | think the life
service of the BWR-6 is up at what, 62 kilowatts per
liter?

No recircul ation punps.

The type of control rod drives, we've gone
to the control rod drives that are in the ABWR the
fine notion drive as opposed to the | ocking piston
drives.

This is where the sinplification has conme

about. So what you can see is in the normal operation
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it's just like a BWR except that it doesn't have
recircul ation punps. \ere the sinplification has
cone isinthe safety systemarea. This shows sonme of
the | arge punps. W' ve gottenrid of them Mstly a
few di esel generators. This --

CHAI RMAN WALLI S: Now, in a way you're
repl aced a punp, which is a nechanical device, by a
natural circulation punp driven by a condenser or
sonmething. So in a senseit's apunp. It's not with
t he conventional nechani cal noving parts.

MR RAO  Yes.

CHAl RVAN WALLIS: And it is a functioning
punp in a sense.

MR. RAC In some senses, yes, when | get
into those, but thisis nobre froma body count point
of view, fromthe economcs. This is all I was going
to say about the econom cs basically. It's shown out
her e.

One of the interestingthings when you see
t he evolution of designs over a period of tine, the
core damage frequenci es have conme down as we went from
BWR- 45, b5s.

CHAI RVAN WALLI'S:  Now, why did they cone
down?

MR. RAGC They cane down because we added
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nore divisions. W went fromtwo divisions to three
divisions. This was two divisions. This was two and
a hal f divisions.

CHAl RVAN WALLI'S:  Di vi si ons?

MR. RAG Divisions of safety systens.

CHAl RVAN WALLI'S:  And the redundanci es?

MR. RAG The redundancies. W' ve added
nore redundancy. Ckay? Now, this is a full three
di vi sion system the ABAR. So there's two, two and a
half, three -- I'mjust giving you sort of a --

CHAI RVAN WALLI'S: No, | think it's useful
because in a factor of 100, the question is how did
you get a factor of 100. You can adjust fromthese
di vi si ons?

MR- RAO  Just from the divisions, and
there were other factors that apply intothat. Oneis
t hat we' ve reduced t he nunber of pipes. The nunber of
| arge pi pes below the core has gone down. GCkay? In
the ABWR there are no --

CHAI RVAN WALLIS: The fewer things to go
wong. |Is that it?

MR. RAO Redundancy does give you nore
t hings that can go wong. GCkay? But what's happened
here is we had | earned fromthe PRAs basically. PRAs

went into the design of the ABAR. Okay? | think the
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BWR-6 was nore before the days of the PRA

MEMBER KRESS: But t he dom nant sequences
in BWR-6 are ATW5 and station bl ackout ?

MR. RACG Station blackout is the dom nant
sequence in all of them

MEMBER KRESS: Station blackout 1is
dom nant in all of then®

MR RAO In all of them and that's --

MEMBER KRESS: And how does that relate to
zero safety diesels?

MR. RAG Ckay. Now what we've done out
here, so that's exactly what | was going to explainto
you, is when we went to the ESBWR, we've pretty nuch
four tines ten to the m nus seven is about as | ow as
you're going to get. To just put it in perspective,
t he vessel ruptureis ten times m nus eight, okay? So
you' ve reached about as good as you're going to get,
and what we' ve done out here is basically goneinwth
passi ve systens which have allowed us to reduce the
conmpl exity of the design, and that shows up out here
in the safety buil ding volunme, which is expressed in
units of cubic neters per negawatt el ectric.

So you' ve got about half the size. This
i s the contai nment and t he reactor buil ding and al | of

t hose buil dings. They' re about half the size of the
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ABWR and you get about t he sane core damage frequency.

Okay. So the reason for going wth
passi ve systens besides the soft feeling, you know,
it's not quantifiable that passive systemare better
than active systens. |I'mnot here to tell you that.

CHAl RVAN WALLI'S:  No, because we t hought
that for a while. Then we realized that maybe havi ng
a punp is forcing water in is better than letting
nature do it because letting nature do it depends on
your predictions being right about what nature is
goi ng to do.

So it's not always clear that passive is

better.

MR. RAC Yeah, we are not advocating one
is better than the other. |In fact, when you see the
design, what you'll see is in the boiling water
reactor, direct cycle plant actually, any direct

cycle plant, you have lots of punps. You heard the
mul ti ple punp story for the boiling water reactor.
We still retained all of those punps. All
of those systens are still there. So for those who
i ke punps, the punps are still there. They are just
not safety grade anynore.
So we've got the balance in the design

bet ween t he passive systens and the active system |
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don't know whether | answered your questi on.

Basically what we' ve done, |I'Il show you
what we've done in the safety systens is basically
sinplified them and that gives about the sane core
damage frequency. | think the actual nunber is a
l[ittle lower, but it's not significant.

CHAI RVAN WALLI S:  Probably when we see a
nunber for a reactor that doesn't exist we should
al ways add a factor of something or other to that
nunber of ten to the m nus seven.

MR. RAO Well, yes and no, but you've got
to |l ook at, you know, we're using conmponents that we
have good experience with, you know. The main issue
really is initiating frequencies, you know, and we
have a | ot of experience wth BWRs, and so we are
usi ng the same basic design.

| like to call the ESBWR BWR Lite, sane
nmegawatts, just |ess calories.

We' ve gone with natural circulation, and
basically because it gives us sinplification w thout
performance | oss. One of the interesting issues in
t he desi gn of the plant has been peopl e al ways ask us
why did you give up poor circulation

There are several reasons for doingthat.

When you conbi ne passive safety systens and natura
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circulations, for both of those you need a l|arge
vessel, and if you get into one or the other, you
still retain the larger vessel. So if you put one or
t he other and you add the second one, you get it for
free. Ckay?

So we don't have the penalty associ at ed
with the large vessel that would cone with natural
circulation as long as we stay with passive safety
syst ens.

MEMBER Sl EBER: So the six nmeters
addi tional height is just do to provide the driving
head?

MR RAO That is primarily for the
driving head, but as you'll see in the presentation,
t he basic design of this plant is you put a |ot of
water in the vessel. The vessel is bigger, and that's
your first line of defense. You've got nore water in
there, and you've actually got nore steamin there.
So what that does is it makes the |oss of cool ant
acci dent response a |l ot better and nmakes t he transi ent
response a |lot better because when you get a
reactorized solution, since you' ve got a lot nore
steam the pressure goes up at a nmuch slower rate.

And you do need the taller vessel to get

the inproved natural circulation flow. W get a
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significant reduction in the conmponents, both punps,
notors, controls, heat exchangers. This is an actual
drawi ng out of the ABWR reactor internal punp system
It's not just punps. There's a lot of controlled
pi pi ng and heat exchangers and all of the rest of it.
So we got rid of all of that stuff, and we --

MEMBER KRESS: Do your control rods still
cone in through the bottonf

MR. RAG The control rods still cone in
t hrough the bottom W had | ooked at other options,
and again, we wanted to stay with what was proven and
wor ks, and that does work.

And the things that we sinmplified were
basically driven by l et's reduce the conponent count.
We' Il reduce the material quantities, and --

CHAl RMVANWALLI S: Now, you' re reducingthe
flow resistance in the downconer.

MR RAO Right.

CHAI RVAN WALLIS: In fact, you probably
want to reduce a lot of flow resistance. So this
| ooks |i ke sonething which could have a tendency to
oscillate. Natural circulation oscillations occur in
many boiler systenms and have to be dealt wth.

MR. RAO Right. You' ve got totake afew

things, | rem nd, just because boilers with punps and
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natural circulation oscillate. This is a boiler
wi t hout punps.

CHAI RVAN WALLI S: They osci | | at e nor e when
they' re wi thout punps.

MR. RAC \Wich we weren't going to cover
that in this presentation, but there's just alittle
bit out here on the right-hand corner for you to feel
confortabl e about that. W didn't have a detail ed
presentation on that. W weren't going to cover it.

CHAl RVAN WALLI'S: But you have anal yzed
the stability. You have analyzed the natural
circul ation.

MR. RAO  Yes, yes.

MR.  SCHROCK: So we don't get to talk
about that one today?

MR, RAQ No, stability wasn't on the
agenda. We're just going to focus on ECCS/ LOCA

MEMBER KRESS: W'll cover it at sone

MR. RAO You'll get a chance, but | don't
want to duck the question. Let ne just give a one
m nut e answer on that.

What we' ve done is we've reduce the flow
restriction and i ncreased the driving head. W have

reduced the restrictions inthe separators. W' ve got
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a shorter core, reduci ng the two phase pressure drop,
and the biggest inprovenment is getting rid of the
punps.

You got into an operating BWR and you wel d
out the punps, if you want to do that. You would
increase the natural circulation flow by a factor of
two basically.

This shows the power flow map out here.
It'sreally hard to read out here. W' ve presented it
in the average flow per bundle, average power per
bundl e rather than the standard power flow mat, and
this is what you' re concerned about out here. This a
jet pump plant. | mean, this is for a BAR-5, the red
line. This is for the ABWR and as you can see out
here, in fact, when we went fromthe jet punp plant to
the ABWR, the natural circulation flow actually went
down, and that's because the i nternal punps provide a
maj or flow restriction in the downconer out here.

So what we've done in this plant is
basically renoved that flowrestriction. Another way
to look at it is what the punp does is it puts in a
restriction, and then it has to work and do a | ot of
extra work to just overcone that initial restriction,
and you get only about a 50 percent benefit of that,

you know, a little additional extra flow.
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So what you see out here is the flow for
t he ESBWR, and when we | ook at the power to flowratio
at the 100 percent operation point, it's hard to see
all of the detail inthat small chart. They are about
in the sanme range as that for a forced circul ation
pl ant .

So you' ve got | ess power per bundle, and
you've got a little less flow per bundle, but the
power to flowratio is about the sane range, and you
can see we've got about four or five times as nuch
fl ow conpared to the forced circul ation plants.

CHAI RVAN WALLIS:  Which comes up to the
MELLA ine on one of those things at the top?

MR RAO Right. This is the MELLA Iine.

CHAl RVAN WALLI'S: -- instability inthis?
You're showing it for the ESBWR

MR,  RAC Yeah, we've analyzed the
stability for the ESBWR W aren't presenting
anything on that today, but the decay ratios are in
the range of .2. Ckay. So it's much | ower than
anyt hi ng, you know.

You' ve got instability out there, and in
this case we are very far away fromthat point.

MR. CARUSO Because you' re using natural

circul ation, you're going to have to change your fuel
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managenment strategies quite a bit for this reactor,
won't you?

MR. RAO Yeah.

MR. CARUSC Do you feel confident that
the methods will still be valid since you haven't done
natural circulation fuel managenment in 40 years?

MR  RAO | don't think the fuel
managenent depends on whether you use natura
circulation or forced circul ation. They just rely on,
you know, what are the flow inlets to the bundle.
Okay? So, yes, the answer is yes.

DR BANERJEE: How high is the chi mey?

MR- RAQ The chimey is five neters.

PARTI Cl PANT: Eight, point, five neters.

MR- RAQ Eight, point, five neters.

DR. BANERJEE: So the six neter increase
is due to --

MR. RAO The chi mey.

DR. BANERJEE: -- mainly the chimey.

MR. RAO Mainly the chimey. The coreis
a meter charter and 8.5 ball park.

DR BANERIJEE: And the chinmmey you
subdi vi de i nsi de?

MR RAC Yeah, it's a neter by neter

subchannel s.
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DR. BANERJEE: So 8.5 neters, neters by

neters, and do you have evidence of what goes on in
t hese large --

MR RAC Yeah, yeah. In some of the
presentations you' Il hear where we've qualified the
TRACG conputer code. In fact, it was done in Ontario
Hydro (phonetic). Was it in Mntreal or was it
Ontario -- | nean Toronto? Somewhere in there. It
was actually --

CHAI RVAN WALLI S: Did you |l ook at the fl ow
di stribution across the chimey in a 3D sense?

MR, RAO It's a channel, you know.
That's an open --

CHAI RVAN WALLI'S:  But is that channel so
tied to the core so that you can't get a
redistribution of flow between channels and the
chi mey?

MR.  RAO Wiy don't you save those
guestions until Bharat?

CHAI RVAN WALLI S: Bharat will explain
everyt hi ng?

MR RAO He will give you all, and then
when he gets up he'll say that Chester will explain
everything and then we'll --

(Laughter.)
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CHAl RMAN WALLIS: And we will renenber.

DR. BANERIJEE: And the velocities are

about the same roughly as in a forced circulation

pl ant ?

MR. RAO Yeah. Chester can give you the
exact nunbers when he comes up. He will give you
t he exact nunbers. | don't renmenber all of the
nunbers.

Okay. One of the areas, even thoughit's
a sinplified plant, it ends up taking a lot nore to
explainit, and I amnotorious for exceeding ny tine.
So |l will try to get through all of the charts here.

One of the ways we got sinplification is
elimnate systens |ike you saw in the previous case.
We basically got rid of the recirculation system
Anot her way -- this is just an exanple -- of where we
got sinplificationwas elimnating atotal system W
got rid of the shutdown cooling systemor the residua
heat renoval system There is no RHR system or a
separ at e shut down cooling system

VWhat we did in this plant was for nornal

shutdown -- for accident conditions, there's a
separate one and I1'Il get into that for the safety
grade decay heat renoval -- but for normal shutdown,

there is no RHR system and we basically conbine the
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reactor water clean-up system It now has a double
function, that it can also operate as a shutdown
cool i ng system

A really neat innovation out here. This
is actually a standard BWR shutdown reactor water
cl ean-up system Okay? It looks just like that if
you go to any of the plants. The only difference, the
only two differences are here.

One is in the region rate of heat
exchangers. This is how the shutdown cooling system
works. It takes suction fromthe vessel and goes to
t he regen. heat exchangers, and then it goes to the
nonr egener ati ve heat exchangers. Here's a punp. Here
isthe dem neralizers, andit puts the water back into
t he vessel

Ckay. So what we did on this was it has
punps and heat exchangers. For those of you who |ike
punps and heat exchangers, they are there, plenty of
t hem

I n a shutdown cool i ng node, we basically
bypass t he regenerati ve heat exchangers, and we r enove
the decay heat from using the nonregenerative heat
exchangers.

These in a traditional reactor water

cl ean-up systemare alittle smaller than what will be
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needed for shutdown cooling. So by increasing the
si ze of these heat exchangers, why, basically increase
the area by a factor of four, we have elimnated an
entire system the shutdown cooling system

So these heat exchangers are a surface
area of a factor of four, and actually they don't take
up nmuch nore space, and we had to nmake a few changes
on the punps on this side out here.

MEMBER KRESS: And you have to nake the
pi pes bi gger al so?

MR. RAO No, the pipes are the sane si ze.

MEMBER KRESS: The pipes are the sane
si ze?

MR. RAO The pipes are the sane size
The only other thing that we changed was we put in a
second punp because the flow rates are a little
different. GCkay?

So for the high flow and the low flow
condi tions. So that's the only additional thing.
this punp here, and of course you bypass the filter
dem neralizers dealing shutdown cooling, and you
reduce t he nunber of pipes, the ambunt of mai ntenance
and all of the rest of it.

And you get an advantage. You get a

performance advantage. Now you have a full pressure
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shut down cooling system Atraditional boiling water
reactor --

MEMBER KRESS: Do you have to manually
operate that bypass val ves?

MR RAC Yeah, yeabh. There are two
chai ns of these, by the way.

Inatraditional boiling water reactor to
get to shutdown cooling, the shutdown cooling system
the RHR system can only operate at about 400 psi or
t hereabouts. My nunbers are going to be approxi mate.
Ckay?

Thi s one can kick in at full pressure. So
inthat sense you' ve i nproved the operability and the
safety of the design

DR BANERJEE: |s this because natural
circulation is just easier? Wat is the qualitative
di fference --

MR. RAO Between this plant --

DR. BANERJEE: -- that allows you to do
this and --

MR. RAG Ckay. Because --

DR. BANERJEE: -- you can't do it in
anot her plant?

MR. RAG No. In the active plant, you

have to have an active decay heat renoval system So
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you use that for normal shutdown al so. Okay? You use
the sanme system This is for just normal shutdown.
This is when you' re going into refueling. Ckay?

So you use the sane system cool down
during a refueling outage. So since you don't have --
passi ve systens you' ve got to remenber do not get you
to ambi ent conditions. They always keep you at above
anbi ent conditions. Okay? So with a passive system
for normal shutdown during refueling, you' d need punps
and heat exchangers to get down to bel ow anbient
condi ti ons. So that's the reason you can do this
her e.

MEMBER FORD: You nentioned earlier on
t hat your punps were not safety grade. That doesn't
apply to these?

MR. RAO This doesn't apply. This is
just for normal shutdown, not for acci dent conditions.

MR. CARUSO How | ong after shutdown are
t he heat exchangers sized for? | nmean decay heat
drops versus tinme. At what point were you pl anni ng on
this system being able to renove decay heat?

MR. RAC | don't renmenber the nunber
of f hand.

MR. CARUSO One hour or 12 hours?

MR RAC No, I"'msure it's in the -- |
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don't know. We can get back to you on that one. It's
fairly because, you know, we're trying to neet sonme
fairly aggressive refueling outage tines.

My guess, | woul d have sai d one hour, but
you know, | don't remenber the nunber offhand.

Did |l answer your question, Sanjoy? Yeah?

DR. BANERJEE: Yeah.

MR.  RAO Ckay. This is the plant
basi cal |l y.

Let me go back to the previous chart.
Just renenber the nost conplicated systens and pl ants
are all of these water systens, you know. Everyone
tal ks about the safety systens, but the water systens
have heat exchangers, punps, controls. They need
el ectrical supplies, and they go all over the plant.

So by elimnating afull water system you
end up with a mgjor sinplification. The passive
safety systemin this plant are basically all shown
out here, and this |ooks like a traditional boiling
wat er reactor vessel. This is the reactor vessel
The control rod drives still conme in at the bottom
shown out here.

You've got four steamlines. These are
then two steam|lines here and two steam |ines here.

These are the feedwater |ines out here.
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Wien we went fromthe SBWR to t he ESBWR,

one of the really neat things about a direct cycle
plant is we didn't have to to add anot her set of steam
generators to make them bigger. W added two nore
steam lines. GOkay? That's pretty nuch all that we
are doing to add nore fuel also.

So the vessel dianeter went up about a
nmeter conpared to the old SBWR desi gn, and t he vessel
height is, | think, a neter, a couple of neters
hi gher.

CHAl RVAN WALLI'S: It's a very interesting
vessel because there's no way to open it.

MR. RAO Runs forever. No. This is just
a cartoon to show you the --

MEMBER POVNERS: Maybe t he peopl e wor ki ng
i n saf eguards and security can conme up with a way of
opening it.

MR.  RAO W wanted to inprove the
security of the design, right.

Okay. The other couple of things to
noticeislike astandard boiling water reactor, there
is a suppression system This is what's called the
drywell. This is the wetwell. This is the pool of
water. It's the same size as the ABAR It's simlar

to the ABAR in the sense that you' ve got the -- this
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is the connection fromthe drywell to the wetwell.
These are the horizontal discharges, three sets of
what we call main vents (phonetic). You'll hear that
in the presentations as we go through.

So this is the wetwel | airspace out here,
okay, and this part out here is where you find the
steanm i ne piping, the safety relief valves, and sone
of themhave quenchers going into the suppression pool
just like standard boiling water reactors.

There are depressurization val ves which
cone off the steam lines, and sonme of them have
separate nozzles of their own. They do not have
guenchers. They open straight into the wetwell.

Thereisn't much ot her equi pment shown out
here. O the three pools of water, this is what has
repl aced all of the safety systens, the water nmake-up
syst ens. It's a conbination of the water in the
reactor vessel itself and about 1,000 cubic neters of
water nmake-up to provide slow injection into the
vessel following a | oss of cool ant accident.

As you'l | see the responses, they' || show
you that you don't really need high nake-up systens
for this.

CHAl RMVAN  WALLI S: What's that great

lattice work of red piping there?
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MR. RAG That's all supports.

CHAl RVAN WALLI'S:  Oh, supports. That's
structure. That's not pipes.

MR RAO No, that's structures.

CHAl RVAN WALLI'S: It's a jungle gymsort
of thing.

MR RAO It isjungle gym but we've also
| ooked at it frommai nt enance poi nt of view, and we've
noved each one of those valves. There isn't nuch
equi pment in this building, except there are val ves.
There are pipes and valves. That is all that is left
out there.

MEMBER KRESS: When you eval uate LOCAs f or
this plant, do you have a drain line in the bottonf

MR RAO  Yes.

MEMBER KRESS: And you have the control
rods. Are those part of the LOCA?

MR. RAO Yes. W analyze the LOCA except
for one drain line also, yes.

MEMBER KRESS: Ckay.

MR RAO  Yes.

CHAI RVAN WALLI'S:  You can al so break the
shut down cooling systemin the bottom

MR. RAGQ Pardon?

CHAl RMVAN WALLI S: You can break the
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shut down cool i ng system

MR. RAO Yeah. There are actually not
one drain lines. There are four drain lines in the
bottom but they are two inch nozzles, only two inch
nozzles. They're very small, and we do anal yze that.

Yes?

MEMBER POVNERS: What has t o happen t o keep
from depressurizing this vessel ?

MR RAO As you'll see the transient
response, you'll see that we don't open the relief
val ves for falling reactor isolation. Soit's a very
forgiving machine. Because it has got a bigger
vessel , okay, the initial transient response for the
first 30 seconds wthout any system operating,
basically you don't open any relief valves and then
t he i sol ati on condensers cone in and take care of the
decay heat.

MEMBER PONERS: That's not the question |
asked.

MR. RAC  kay.

MEMBER POVWERS: The question | asked is
what has to happen to make it inpossible to
depressurize this vessel.

MR. RAC. \What has to happen to make it

i mpossi ble to depressurize?

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

38
VMEMBER POVERS: Un- huh. Hypot hesi ze a

station blackout as a going in thing. Now, what can
keep me from being able to depressurize?

MR  RAO If you have just a station
bl ackout and no pi pe break --

MEMBER PONERS: Naw. Don't assune that.

MR RAO |I'mjust trying to understand
what your assunptions are. |f you have a pipe break,
you are going to depressurize. But if you just have
a station blackout, okay, and that has been the
dom nant sequence for the operating plants, is a
station bl ackout.

I n t hat case, when you just have a station
bl ackout, you don't depressurize the plant, and I'1|
show you what the response is.

I f you have a station blackout conbi ned
with a break, then you will depressurize the plant.

MEMBER PONERS: |'mstill not getting an
answer to ny question.

MR RAQ | nust be m ssing sonething.

MEMBER POVERS: |' maski ng you what keeps
your from depressurizing this plant. What has to
happen so that you cannot depressurize?

CHAI RVAN WALLI'S:  Under what conditions?

MR. RAO. Under what conditions? As |ong
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as there's no pipe break -- I'm still -- are you
sayi ng what do we have to do to the design to prevent
it fromdepressurizing during a pipe break?

Sonmeone can help nme in the back.

CHAI RVAN WALLI'S: How can you get into a
situation where you' re unable to depressuri ze.

MR.  RAC Were you are not able to
depressuri ze?

MEMBER PONERS: Even with a pipe break.

MR. RACG Even with a pipe break. Well
if you get failure of both the areas, there are two
area systenms. W' ve added the wi | sadee (phonetic) and
t he depressuri zation system W' ve got the standard
safety relief valves, and we've added anot her system
call ed the DPVs, the depressurization valves.

So if both of those fail, thenyoufail to
depressuri ze.

MEMBER PONERS: Okay. What causes bot h of
those to fail?

MR. RAG What woul d cause both of those
to fail? Anyone in the back ready to answer that?

CHESTER: Al of the valves, they use
different --

PARTI Cl PANT: Coul d you give us --

CHESTER |'m Chester (unintelligible).
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The ADS val ve and t he DPV val ve, t hey have

diversified single systens that are very hard to have
fail all the signals. You're tal king about nmultiple
failure of all the signals.

MEMBER PONERS: |'mnot really interested
-- | mean, | am very interested in what makes it
difficult to depressurize or what nakes it easy to
depressurize. What | very nuch want to understand i s
what conbi nati on of things make it so that you cannot
activate these ADS systens.

Now, obviously if | get no signal to do
so, that will doit.

MR. RAOQ Yeah, yeah.

MEMBER PONERS: So the question is: what
makes it so you can't get a signal to then?

MR. RAO Well, you ve got to, | guess,
have a comon cause failure. W' ve got four
divisionals in the control and instrunentation. So
you have to have a common cause failure in control and
i nstrument ati on.

CHAI RVAN WALLIS: But if you had a fire,
say, which incapacitated all of the systenf

MR. RAC Well, that's where you have the
four division system So you do the separation to

handl e -- you handle that. GCkay? It is an anergic
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contai nnent. So there's not goingto be afireinside
the containment. The external, you handl e that by
di vi sion and standard separation.

Soif thereis acomopn cause failure, you
know, an wundefined common cause failure of the
instrunmentation, that will give you a failure to
depressuri ze.

MEMBER POVERS: |s there anything else
that will give you a failure to depressurize?

If you have no electrical power
what soever ?

MR RAO W rely on batteries for that,
but even if you lose the batteries in addition to the
station bl ackout, then you'd |ose instrunentation.

MEMBER POVERS: And that wll cause a
failure of the ADS?

MR. RAO  Yes.

MEMBER POVERS: So a total station
bl ackout is still --

MR. RAC Total |oss of batteries, failure
of all the signals.

MEMBER POWNERS: That will do it.

MR. RAO Yeah.

VEMBER POVERS: So there's still a TC

sequence here somepl ace.
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MR. RAO  Yeah.

MEMBER POVERS: Ckay.

CHAl RVAN WALLI'S: |I'ma bit worried about
failure to conplete this presentation on tine.

(Laughter.)

CHAIl RMAN WALLIS: Ckay. The --

DR. BANERJEE: Before you go on, what is
different between this and the SBWR? Is there
anything in the wetwell/drywel | connection design?

MR. RAO Well, we just got two nore steam
lines. W got a slightly bigger vessel. This, the
top part, the GDCS, these are the pools of water.
Those are all the sane. This is all the sanme. The
only difference, okay, that's different, andit's hard
to showthat kind of detail inthis cartoon, isinthe
SBWR. These pools were open at the top out here. The
roof of the drywell is out here. Okay? The top part
was open to the drywell.

Inthe ESBWR t his wal | goes up to the roof
of the drywell, and this pool of water is now part of
t he wetwel | .

So all that we did was we extended this
wall up to the roof. It was about a foot opening, |
think, in the SBWR So we've extended it up to the

top and put a connection between this airspace and
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this, the wetwell airspace.

MR, SCHROCK: |s that permanently open or

MR. RAG Yeah, all those are permanently
open. No val ves.

So otherwiseit | ooks just |ikethe ESBWR

MR SCHROCK: Wiy did you do that?

MR. RAG You'll see that basically what
it does is renenber the containnent pressure is
dependent on the wetwell volunme, airspace vol une.
kay? So this was, again, taking advantage of the
passi ve system

When thi s water drains out, okay, then it
opens up nore airspace. So it |oads the containnment
pressure. Gkay? So there's an advantage.

CHAI RVAN  WALLI S: Wll, there's a
conservation of airspace. If youloseit in one place
you gain it in another.

MR. RAO Right. No, but you want nore
airspace in the wetwell. That keeps your contai nnent
pressure | ower. So we actually did |ower the
contai nnent design pressure conpared to the SBWR
That doesn't showon a chart like this. W cane down
ten psi. That's, again, an econom c benefit, but we

kept essentially the sanme margins by nmaking that
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change.

MEMBER POVERS: Can you give ne sone i dea
of the what the magnitude of the economi c benefit is
to get ten psi reduction in your design pressure?

MR RAO No, | don't have a nunber for
t hat, and we never did calculate one. As a matter of
fact, again, one of the reasons for doing that was it
brought us down to the sane | evel as the ABWR (kay?
So there was a | ot of experience with that, you know,
a lot of the testing on serial accident failures.

So there was that soft benefit of nmaking
t he sane as ABWR

CHAI RVAN WALLI'S: 1" mnot sure you gai ned
because you actually put water in the drywell. Your
total airspace stays the sane inside containnent if
you include the whol e works.

MR. RAO There are two issues here. One
is the volune of the building, and the other is the
design pressure of the building. Gkay? So Dana's
question is related to the design pressure. |t does
end up in giving you |l ess rebar requirenents. W've
actually --

MEMBER POVWERS: That's the cheapest dea
in Arerica is rebar

MR. RAO. No, rebar itself is cheap, but
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putting it together, <constructing it. W have
actual Iy gone down to even | ower than the ABWR and our
structural designers toldus it wasn't any additi onal
benefit. So we cane back to --

MEMBER POVWERS: 1'Il bet you run out of
benefit really quickly on rebar and concrete.

MEMBER RANSOM  Are vacuum vapor val ves
still included in this design?

MR RAO Yes, there are three vacuum
breakers between the -- they're on the fl oor out here
between the drywell and the diaphragm fl oor.

MEMBER PONERS: Reni nd me agai n what your
cont ai nnent vol unme is.

MR. RAQO Sorry, | don't. Does anyone
have the nunber off the top of their head?

PARTI Cl PANT: The drywel | is about 6,000
kil onmeters. The wetwell is about 4, 500.

MR. RAG That's the airspace.

PARTI CI PANT:  The ai r space.

CHAI RMAN WALLI'S:  You shoul d real | y count
the whole thing. Wat's the whol e contai nnent ?

MR. RAO. The whol e contai nnent vol une,
you don't have the answer?

PARTI CI PANT: | don't have it. | don't

know.
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CHAI RVAN WALLIS: Well, you have about

five mnutes nore now in presentation time.

MR. RAG  Ckay.

CHAI RVAN WALLI S: So you're about a
quarter of the way through. Mybe we should plan on
you taking up all the time until the break. |Is that
nore realistic?

MR. RAO. No. Wen we sort of plannedit,
we sort of anticipatedthat I'd run over alittle, but
not --

CHAIl RMVAN WALLIS: Alittle bit.

MR. RAO -- not all the way to | unchti ne.
You want to hear the other things.

CHAl RVAN WALLI S:  Lunchtinme? No, no, no,
no, no.

MR. RAO You want to hear fromsone of ny
col | eagues. You get all of your answers from
Shi ral kar and Ganbl e and Cheung there.

kay. This shows all of the safety
systens put together, includingall of the valves, and
the thing that's -- let me go through all of this.
This is the reactor vessel. You can see the core. The
coreis |lower downinthe vessel inthis plant thanin
the standard BWR  There's a shorter core. So you

need | ess space at the bottom |ower plenumfor the
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control rod --

CHAIl RVAN WALLIS: That's really to scal e?

MR. RACG  Pardon?

CHAI RVAN WALLI'S: Isthat really to scale,
that tiny core?

MR RAO No. This is just to show how
the --

CHAl RVAN WALLI'S:  You shoul d draw t hese
things to scale so it doesn't give sone illusion

MR. RAO. This was nore to show you how
the lines connect up. GCkay. We will try to fix that
inthe next one. This is the isolation condenser out
her e. This operates like sonme of the isolation
condensers on operating plants.

When you get to reactor isolation, these
val ves are normal |y open. The valve is out here. The
condensat e drai n val ves open, a signal to open. Steam
condensers in there and condensate is returned to the
vessel. So you' ve got a cl osed | oop fol |l owi ng react or
isolation. You don't open any relief valves. You
don't |lose any water to the containnent. You don't
heat the containnent. You don't need any of the
react or cool ant i sol ati on condenser type of systens to
operate or you don't need any cooling system to

oper at e.
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The energy is renoved to the spool of
wat er which is sitting outside the contai nment, and
the energy is release to the atnosphere.

DR. BANERJEE: It's still downflow
condensat i on.

MR RAO  Yes.

DR. BANERJEE: And sonebody will tell us
about the non-condensabl es.

MR RAC This is reactor isolation.
There shoul d be no non-condensabl es.

CHAl RVAN WALLI'S: There's a vent line for
t hat .

DR. BANERJEE: Onh, okay.

MR. RAO. Ckay. But if you operateit for
72 hours, okay, this is designed to operate for 72
hour s. kay? It can. Then you'll get sone
radi al ysi s (phonetic) whichw |l produce hydrogen, and
then you' |l get non-condensabl es.

In that case, there is a vent |ine out
here. It will open and rel ease t he non-condensabl es.

CHAl RVAN WALLI S: And al |l of this has been
tested at full scale?

MR RAO  Yes, yes.

CHAI RVAN WALLI'S: I n Japan or sonewhere?

MR RAGC In Italy.
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CHAl RVAN WALLI S: Italy. That'stheltaly

one.

MR RAO Okay. Sothisis the isolation
condenser. This is consideringthey let the plant sit
there for 72 hours, whichit probably Iikely wouldn't.
The gravity driven cooling systempool s are shown out
here. This is that pipe that | mentioned. This is
t he change fromthe SBWR where we went all the way to
-- came to this wall up to the top, and we added this
connection between that air space and the wetwell
ai r space.

What it does is it makes this airspace
avail able long term when that pool drains. So it
| owers the | ong-term contai nnent pressure.

MEMBER KRESS: How big is that pipe?

MR- RAO How big is that pipe?

CHESTER: Half a neter.

MEMBER KRESS: It's a big pipe.

MR RAO  Yes.

MEMBER S| EBER: You have to use the
m cr ophone.

MR. RAO You have to stand near the mc.

CHESTER: It's a big pipe.

MEMBER KRESS: Yeah, okay.

CHESTER: There are three pi pes for each
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of the pools.
MEMBER KRESS: kay. Because the

ef fecti veness of that as an airspace depends on the

si ze.

MR. RAO Yeah.

CHAI RVAN WALLI S You nmean t he pressure in
that wetwell is somehow different from the overall

pressure in the buil ding?

Because if you look at the entire
contai nnent, the total anobunt of air in there is
constant. You cantreeit off between the drywell and
the wetwell. You haven't really gained airspace.

MR. RAO You have. \What controls the
cont ai nnent pressure, okay, is you take all the non-
condensabl es fromthe drywel|l and shove theminto the
wet wel | .

CHAl RVAN WALLI'S:  And you pressurize the
wetwel |l referentially to the --

MR. RAO No, that's how the suppression
systemworks, is this is where your source of energy
is. This is where the brakes and the steans will come
out. Soit will push all of the non-condensables into
this airspace.

So the bigger this airspace and the

smaller this airspace, the |ower your containnent
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pressure. kay? So you want to mnimze that
ai rspace and maxi m ze this airspace.

And so by shifting it between the two you
will maximze the wetwell --

CHAI RVAN WALLI S:  You nean your wetwell
gets higher pressure than the drywel | ?

MR. RAO Yeah.

CHAI RVAN WALLI S:  Then you shoul d vent it
back into the drywell.

MR RAC No, because you' ve got to
remenber the reason it gets higher is because
everything is being pushed through two flow paths.

CHAI RVAN WALLIS: How does it get pushed

if the pressure is higher in the wetwell than in the

drywel | ?

MR RAC You guys want to go through
that? Ckay.

CHAI RVAN WALLI S: Vell, | don't know.
Maybe we'll wait and hear about that.

MR.  RACO W'll wait while we get the
presentations. Ckay?

CHAI RVAN WALLI S:  Ckay.

MR. RACO The contai nment pressure is
determ ned by the wetwell pressure. Ckay.

CHAI RMAN WALLI S: Wll, it can't be.
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W' || get back to that because the whole thing is one
unit, isn't it? And the containnent has to contain
both the drywell and the wetwell.

MR RAO  Yes.

CHAI RMVAN WALLIS: So let's get back to
t hat when the tinme cones.

MR. RAC, You' | | hear detail ed
presentations on that, okay, shortly.

This is the GOCS pool. This is the
suppressi on pool. These are the safety relief val ves
t hat have quenchers bl owi ng down i nto t he suppressi on
pool .

This is the depressurization valve, the
al ternat e depressuri zati on systemwhi ch opens out into
t he drywel|.

CHAI RVAN WALLI'S:  That's call ed the Dana
Power's val ve. That's DPV because that's the one he's
concer ned about.

MR. RAO W added the diversity because
we knew Dana was goi ng to ask that question to nake it
nore reliable.

The ADS system in the BWR generally is
deened to be fairly reliable, but we've gone to a
di verse systemal so. It's a screwactuated (phoneti c)

valve. So it has different notor flows to open it.
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What ' s shown out here i s the passive decay
heat rempoval system which is called the passive
cont ai nnent cooling system No valves for it to
operate. Ckay?

CHAl RVAN WALLI'S: | presune an expl osive
valve requires very little el ectrical energy toset it
of f, whereas actual |y operating al arge notor operat ed
val ve would require a | ot nore power.

MR. RAG A lot nore energy, yes.

So we do have batteries to as --

CHAI RVAN WALLI'S:  So you coul d take your
flashlight and set off the expl osive val ve.

MR. RAO Yes. That's why we believeit's
a very reliable system

The passi ve cont ai nment cool i ng system- -

MEMBER PONERS: What isthereliability of
screw actuat ed val ves?

MR. RAG Pardon?

MEMBER PONERS: \What is the historical
reliability of screw actuative val ves?

MR. RAG Don't have the nunber on that,
but we can get back.

MEMBER POWERS: | think we found it
surprisingly unreliable.

MR RACG W'Il give you a nunber.
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Do you have the nunber, Bob? No. Ckay.

The passi ve cont ai nment cool i ng condenser,
basically steam goes up through here, and just I|ike
t he i sol ati on condenser, steamgets condensed there,
and condensate is returned back to the vessel

This is one other change relative to the
SBVR. W' ve added this system In the SBWR this
condensate would returnto the gravity driven cooling
system pool, but now since the GCS pool is part of
the wetwell, we had to bring the drain back into the
drywel | .

So initially in sone of our earlier
designs we actually didn't even have this drain tank
and it would just flow back into the bottom of the
drywel | .

W added this drain tank because we felt
that it woul d be better to have it drain back into the
vessel . If this valve does not open, the
functionality of the ECCS is not I mpact ed.
Functionality of the systemis not inpacted. Wter
does drain back into the vessel -- | mean into the
| ower drywell, and you still have a cl osed | oop.

So the steamis condensed out there. The
energy is renmoved to the PCCS pool, and steam if

vented out of the containnment. That is the ultimte
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heat sink out there.

DR. BANERJEE: So if that valve doesn't
open, then you get water going in. Were does it go?

MR. RAG It goes into the | ower drywell.
Okay? Then you have a cl osed | oop. The closed | oop
i s through here. These are what are called spillover
hol es here. It flows into the suppression pool.
There's aline connecting the suppressi on pool back to
the vessel, the screw valve. So you have a cl osed
| oop.

So we have | ooked at all of the different
possibilities, not enough tine to go into each one of
t he conbi nati ons out here, but you have a cl osed | oop
and the water can go back through the vessel.

CHAI RVAN WALLI'S: So nost of the water in
this containnment building is available to cool the
core.

MR. RACO Yes, to cool the core. You
know, we've got an expression pool also connected to
the vessel. W' ve got GDCS pools connected to the
vessel .

One thing that's different than standard
BWRs is the suppression pool is raised to the core.
Most suppressi on pools are on the base mat out here.

This one is higher than the core. So you can get the
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flow fromthe suppression pool into the vessel.

CHAl RVAN WALLI'S: Even when the core is
drawn properly, it's still higher?

MR. RAG Yes, still lands it on top.

DR. BANERJEE: And the PCCvent lineis at
the bottomthere, right?

MR. RAO  Yes, yes.

DR. BANERJEE: 1|s that assum ng that non-
condensabl es get driven into that?

MR. RAG No. Now, non-condensables are
i mportant in the operation of the PCC because you've
got non-condensables in the drywell. GCkay? So the
condensation, the steam flow is simlar to the

i sol ati on condenser, but it's a condensation driven

system

Ckay, and that brings i n non-condensabl es
with it. The major innovation in this design is
renoving the non-condensabl es, and the non-

condensabl es are driven out fromthere by the pressure
di fference between the drywell and the wetwell. The
drywel |l is at a higher pressure than the wetwell. |
think I said it the other way around.

Okay. The drywel | is at a hi gher pressure
t han t he wetwel |, and t hat drives t he non- condensabl es

out through that non-condensable vent |ine.
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There will be several nore presentations
that will cover all of that. That's been tested.
That's howit works. |'mjust giving you an overvi ew.

And  what determines the ultimte
contai nnent pressure i s the nodern non-condensabl es.
You put themin the wetwell airspace. That is the
maj or conponent of the containment design pressure
followng the LOCA. All of that air gets pushed over,
and there is sone vapor pressure because there's a
slight heating up of the suppression pool. The
suppression pool in this plant only heats up because
of bl ow-down energy. Ckay?

In a traditional boiling water reactor,
what you do is the first part of the transient is the
sane. All the air follow ng a pi pe break gets pushed
over into the wetwell airspace. That gives you a
certain pressure.

And then what happens is the energy from
the drywel|l gets transferred to the suppressi on pool .
The suppression pool heats up. It gives you an
increase in the vapor pressure which causes the
condensed pressure to heat up.

The active RHR systemrenoves the energy
fromthe suppression pool. It is only effective at a

certain delta T. So you've got to heat up the pool to
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renove this energy. In this plant the difference is
we renove t he energy before it gets to the suppression
pool through these heat exchangers.

Just to give you sone ball park numbers,
in a operating plant the suppression pool has to get
up to 212, 220 before the RHR systemis effective in
renovi ng the decay fromthe contai nment.

Fol | owi ng an initial bl ow down, assum ng
t hat the suppression pool starts at 110 degrees, the
initial blow down gives you about a 30 or 40 degree
i ncrease i nthe suppressi on pool tenperature. You get
a simlar increase, slightly less increase in this
line, because sonme of the energy actually goes out
t hrough the heat exchanger

CHAI RVAN WALLI S:  Does the pressure pool
get to, say, 220 Fahrenheit?

MR. RAO No, not in this plant, not in
this plant. |In operating plants, it will get up --
for the RHR system to be effective in operating
pl ants, you'll have to get the suppression pool upin
tenperature. That's how the system works. For the
delta T, you need a higher delta T to renove that
energy.

Okay. In this plant it's primarily the

bl ow- down energy that heats up the suppression pool.
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So that's a 30 to 40 degree increase in tenperature
fromthe initial starting tenperature. |If yougowth
the tech spec, | believe it's 120. One, twenty?

CHESTER: One, twenty.

MR RAO One, twenty. So you get a 30to
40 degree increase intenperature by theinitial bl ow
down, and then for a short tinme period these heat
exchangers cannot renove all of the energy, and you
get a slight increase in tenperature beyond the
initial blowdown. ay? And that gives you a vapor
pressure that gets up to 180, 190 at this plant.

I n the operating plant, you get up to 220
degrees, beyond that.

Ckay. So what determ nes t he cont ai nent
pressure in this plant is primarily the drywell
volume. Take all of that air and shove it into that
space. Do that on the back of an envel ope, and about
afive to eight psi vapor pressure fromthe heating up
of the suppression pool.

So it's a fairly sinple calculation as
| ong as these heat exchangers are properly sized, and
as you will see in the presentations, these are
properly sized.

This is the 13 punp story. For those of

you who don't |ike passive systens, you can see that
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what we have for core cooling is we've done severa
things in the design to inprove the plant response.
W' ve increased the inventory in the vessel. You'l

see a chart that shows that we've got two and a hal f
times as nuch water

W' ve increased the anobunt of subcool ed
water. Chester will gointo a lot of details on how
t he plant behaves and where the water is.

We've elimnated | arge pipes from bel ow
the core. W' ve minimzed the other pipe sizes. Like
| mentioned, the only pipes that are connected at the
core, near the core elevation are two inch nozzles.
So we've kept them down to very small sizes.

Vell, we provide inventory makeup. W
don't need a fast makeup system Okay? The makeup
rate is very low, as you'll see the plots out here.
You don't reach the mi ni numwat er | evel until at | east
600 seconds into the transience. That's when you
depressuri ze the vessel, and all that you have to do
is make up the water that's |ost by boil-off.

So you don't need any accurul at or driven
system You don't need any high pressure injection
systens because the plant actually reacts fairly
sl ow y.

Now, because you don't have any high
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pressure systems, any accunulators or other core
makeup t anks or any of the other issues that you m ght
see on ot her pl ants or hi gh pressure cool ant injection
systens, |ike on BWRs, you see fewer system
i nteractions. The only high pressure system that
exists on this plant is the isolation condenser, and
we don't take credit for that in the | oss of cool ant
acci dent anal ysi s.

CHAI RVAN WALLI S: If this is such a
wonderful system how come it has taken 15 years
bef ore anyone is seriously looking at it?

MR. RAC Well, when you l|look at the
mar ket, there hasn't been a plant --

CHAI RMAN WALLI S: The market has been
| ousy.

MR RAQ And the other thing that's

different out here is we are now using an integrated

anal ysi s. You know, when | first joined General
Electric, | worked out here, and | defended using al
the different codes, you know. W had to use

LAVB/ SCAT, SAFE, SAFER, CHASTE, and all of those
things for doing all of the cal cul ations.

Now we have got an integrated core. What
you asked us to do -- all of you weren't on the

conmttee then -- was to devel op an integrated core.
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W' ve got one now. It's there. It doesn't do
everything. |t doesn't do wi ndows, but it does do an
excel l ent job of doing the cal cul ation.

In the interest of time | wll skip
t hrough a few of the charts.

On the decay heat rempval system
basically what we do is renove decay heat fromthe
vessel. What's newin this plant is we've now got a
full pressure, novel shutdown cooling system W rely
on isolation condensers. In some of these cases
they're old. W' ve gone back to features that were in
t he ol der BWRs.

We can renmpove SLV through relief valve
opening. | mean you can open the relief valve. You
do have a non-safety grade suppression pool cooling
system So you can do that also. So for those who
i ke some of the old features, they're still there.

And of course, if needed, if you get a
pi pe break, we basically renove heat from the
cont ai nnent through the ECCS heat exchangers, which
are new. 1'll discuss those in some tine.

O course, we do have a suppressi on poo
cooling systemin this plant also, but it's a non-
safety system So the punps and heat exchangers t hat

we had in the old plants are still there.
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Decay heat renoval, how it works. I
di scussed this briefly in some of the earlier charts.
You get the blow down energy, which flows to the
suppression pool, traditional pressure suppression
system

Longer term the decay heat fl ows t hrough
t he heat exchanger simlar to an isol ation condenser,
and heat is transferred outside the containnment.
You' ve got tube heat exchangers. The non-condensabl es

are renoved by the pressure difference between the

drywel | and the wetwel|l. Likel nentioned earlier and
corrected nyself, the drywell is at a hi gher pressure
than the wetwell, but the drywell pressure --

CHAI RVAN WALLI'S: It's always at a hi gher
pressure than the wetwel | ?

MR. RAQ Except for a short time period,
and I'Il show you the transi ence when that happens.
When you condense the steamin the drywell, you know,
after the initial blowdown and you condense the
steam when the water fromthe gravity driven cooling
system flows in, it condenses the steam So the
pressure in the drywell will come down for a little
whil e, and then you pull the non-condensabl es back.

CHAI RVAN WALLI S: That's right. You suck

it, suck up out of the suppression pool.
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MR RAC | was wong when | made ny
earlier statements. | guess maybe |' mgetting ol d and
forgetting sone of these things as we go al ong.

No, but that's howit works. You'll see
details on that.

MEMBER POVERS: WIl we discuss the
capabilities of the plant during shutdown refueling?

MR. RAG W were not planning to discuss
that, but | can address that right now. Basically,
the same systemis still available for that, except
for the water nmakeup system The gravity driven
cooling systemis still available. GCkay?

You've got the vessel that's full of
water. The one thing that's --

MEMBER PONERS: | nean that's t he question
that came to ny mnd. You ve got a core very | ow and
avery tall vessel, and | was wondering how | ow do you
have to drop that water for your refueling process and
service all of these systens that conme in above the
core.

MR. RAO. The vessel is actually full of
wat er at that tine, during the refueling. So just to
give you a feel for sonme of the nunbers, let me go
back to --

VEMBER POVERS: | nean, what comes to m nd
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is -- this is a good one.

MR. RAO Ckay. Let ne give you a fee
for some of the nunbers. The vessel volune is about
500 cubic neters. GCkay? This lower drywell is 700
cubic nmeters. Ckay?

One of the neat things about this design
is this pool of water is 1,000 cubic nmeters. Okay?
And the vessel is full of water. Ckay. During the --

MEMBER POAERS: But is it full of water if
| am servicing nmy squib val ves?

MR. RAO  Yeah, there are check val ves,
and there are block valves all along the |line.

VMEMBER POVNERS: The system So you don't
have to take the water |evel down before --

MR. RAG No, you don't have to take the
wat er | evel down during an outage.

MEMBER POVWERS: And you don't have
anything | i ke an operational node five here then where
you have | owi nventori es and saf ety systens t aken out.

MR RAO  No.

MEMBER POVERS: Ckay.

MR.  RAO Okay, but the thing that's
different is that this |lower drywell volune is about
700 cubic neters. It's a lot smaller than that for

the operating plants, okay, and so it doesn't take
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that nmuch water to fill that up. That sol ves the
sinmplistic way of looking at it.

CHAI RVAN WALLI S:  Wien you refuel, do you
take out all of the baffle that are in the chi mey as
wel | ?

MR. RAGQ Pardon?

CHAIl RVAN WALLIS:  Wen you refuel, you
have to take out all of the baffle you' ve got in the
chi mey?

MR. RAG Not in the chi mey.

CHAl RVAN WALLI'S:  You | eave themin?

MR RAO W | eave themin.

MEMBER FORD: Atam could you go back to
t hat previ ous graph? Since we're going to have a free
flow question period, has there been a materials
desi gn revi ew undert aken?

MR. RAO No. We are using the sane
conditions as that for an operating plant. So we're
assum ng the best --

MEMBER FORD: | ask this question --

MEMBER POWERS: If they've been so
successful, Peter, why would they possibly want to
change?

MEMBER FORD: Well, | asked the question

a while ago to you, and the answer was that material s
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of construction would be essentially those for an

ABV\R.

MR RAO Right, exactly.

MEMBER FORD: As | |ook at this design,
the difference, of course, is a huge chimey.

Everyt hi ng above the core, and |' massum ng you' d be
usi ng hydrogen notor chem stry; everything above the
core will be not a very efficient water chem stry.
Therefore, everything above the core, regardl ess of
whether it's L grade or not, stainless steels, could
crack.

Has that been taken into account?
Qovi ousl y not.

And if it didcrack, what woul d t he i npact
be?

MR, RAC Okay. It's been taken into
account in the sense of, one, we nade sure that all
t he conponent s i nsi de t he vessel are renovabl e easily.
They aren't wel ded anynore. Okay? So we nade them
repl aceabl e.

And so in that sense we have taken that
into account. And we've made sure there's enough
hatches up in the top. W have a plan to renove the
| ar gest conponents t hrough the refueling fl oor and out

of the containnent.
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VEMBER FORD: |"m assuming a materials

design review wi || be undertaken.

MR. RAO Yes, definitely.

MEMBER FORD: In tinme so as not to be a
rate limting step if you have to conme up with a new
mat eri al .

MR RAC Yes, it will be. That will be
all done as part of the SAR submttal. Ri ght now
remenber we are focusing on thermal hydraulic
cal cul ati ons rather than on the actual design.

MEMBER FORD: The other question along
those lines, |I'm assunming it wll be nobel netal
chem cal addition you will be also using in addition
to hydrogen water chemstry. WII| calculations be
done as to howefficient that applicationwll be and
whet her you can protect all of the wet conponents?

MR. RAO. W expect to do all of that, you
know, in time for the SAR subm ttal.

What we have done in this program-- |et
me step back alittle bit -- is by experience with the
SBWR was we did technology review, testing, safety
analysis report, all in one big package, and
everything was going on in parallel.

What we've tried to doin this programis

let's doit step-wise. Let's get afewthings off the
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table and see if we can get themoff the table.

kay. So the pre-application reviewis
not focusing on the design materials and any of those
i ssues.

MEMBER FORD: Even t hough t hey may i nmpact
on safety?

MR. RAO Yes. There are a lot of design
i ssues that inpact the safety and will affect the PRA
and all of the rest. Wat we are trying to do is get
closure on the thermal hydraulic spot of the anal ysis
on the conpl eted codes because that in the past has
been t he bi ggest uncertainty or whatever for getting
t hese novi ng forward.

I f we can't even get this cl osed out, then
you know. You've got to renenber that we have not
been usi ng any governnment noney for the | ast ten years
to devel op. This has been atotally industry effort,
and if we can't see the light of day in this tunnel
even on this one, then the other ones will be even
harder to get to.

CHAl RMVAN WALLIS: Well, | thinkit's good
to let you take the tine until the break

MR. RAC  kay.

CHAl RMVAN VWALLI S: But | think that's

really definitely the ultimate time that you have.
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You don't have any |onger than that.

| think it's good because there are so
many questions that it's useful to the Subconmttee,
but that is the deadline.

MR. RAG  Ckay.

CHAI RMAN WALLIS: So let's nove al ong.

MR RAO W will get into how the PCSS
works in some of the later presentation, but it's
i mportant to understand how they work. Some of the
charts have not cone out too good on the screen, and
| don't know why.

It's a standard pl ant schematic. Wat you
can't see out here -- the pictures are better in your
handout s?

PARTI Cl PANTS:  Yes.

MR. RAO The thing to notice out here is
t he maj or wat er systens whi ch have the sinplification
you want ed to hear about the econom cs is the reactor
wat er cl ean-up systemat the bottom | think thisis
the fuel pool cooling system out here shown on the
| eft, and the control rod drive hydraulic system

Those are the only systens left in this
design, and that's where the sinplification cones
from That's where the economics cones from is

basically in reducing the anpunt of materials and
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quantities that exist out there. Al of the safety
systens are basically inside the containment or
sitting on top of the containnent as shown out here
for the 1 C and PCC pool s.

This shows the evolution of the BWR
contai nnents. It's inportant to understand this as
background as we go forward. Al'l except for, |
bel i eve, one or two plants was at Bi g Rock Point and
Hunbol t Bay, were | think not suppressi on systens, but
we' ve had suppression systens in Mark Is, Mark I1s,
Mark 111s.

Basically the major suppression pool is
out here. You've got the drywells and the wetwell
ai rspace. The Mark |1, where the drywell was sitting
on top of the wetwell, and the Mark I1ls where the
drywel | was surrounded by the wetwell| airspace out
her e.

In all cases the suppression pool was | ow
inthe building. That was, again, reasons for because
of MPSH consi derations for the safety systeni s punps,
because you needed to take the water fromthere and
put it back in the vessel.

The ABWR basically is simlar. You' ve got
t he preci ous suppression sitting out on the base mat

out here -- the suppression pool, | nmean, sitting on
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t he base mat out here. You' ve got a T shaped driver
because you don't have the recircul ati on punps that
you have the extent of |oops that you have on sone of
the earlier designs, and the drywell airspace is
primarily controlled by the space required on the top
by the mai ntenance of the safety relief val ves.

So you' ve got right circular cylinders,
concrete contai nnent, covered suppression pool that's
noted, and you've got horizontal vents that we
devel oped on the Mark 111

The ESBWR t ook features frombot h t he ABWR
and the Mark I11. W' ve got a separate fuel building.
You can see in the earlier designs and the ABAWR this
hash mark out here is not a bar code. That is spent
fuel storage. GCkay?

And like the Mark 111, we've put it in a
separate fuel building. W've got an inclined fue
transfer system but, again, we wanted to nmake
i mprovenents.

VWhat we have done is, of course, |'ve
nmenti oned t he rai sed suppressi on pool off the base mat
whi ch provides a nmeans to provide water nakeup from
mul tipl e source.

The inclined fuel transfer, that's what

| FTS stands for, the top part of it is not part of
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containnment like it was inthe Mark Ills. So you can
actual Iy nove fuel during novel operation. You don't
have to open the contai nment to nake sure that that
systemis functioning and all the rest of it. So that
is an inprovenent over the Mark I11.

CHAI RVAN WALLI S: Now, this shows an ASBWR

vessel has actually a shorter L over D than the Mark

1. Is that -- it has a longer L over D, doesn't it?
MR. RAO | know you -- this is nore to
show sonme of the features. kay? this is not

necessarily drawn to scale out here, please, and we
will try to fix it in the next round.

MR,  SCHROCK: | would wonder why you
didn't include SBWR in this conparison

MR. RAO It got too conplex, and it
wasn't addi ng anything. The key features that |I'm
trying to showout here, okay, the differences between
SBWR and ESBWR are not, as far as containnment is
concerned, are not that significant. It was just a
matter of -- | always run over tinme. I'mtrying to
shorten this out here. That was it. No other reason,
not hi ng nore conpl ex than that.

CHAl RMVAN WALLIS: Okay. W're going to
nove on? Are we going to nove on to the next one now?

MEMBER SI EBER  Well, the ESBWR is not
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i nnurded (phonetic), right?

MR RAG It is innurded just |ike ABWR
Al'l of these things, okay, were adopted by t he ESBWR

MEMBER SI EBER:  Ckay.

MR RAQ | nnurded contai nnent, hori zont al
vents, sane as ABWR, covered suppression pool

MEMBER SI EBER:  So you actual |y coul d not
nove fuel during operation

MR. RAG No, no. You can't get into the
contai nnent in the operation. You can nove fuel up
here. You can. This is not innurded. This is not
part of containment.

MEMBER SI EBER.  Ckay.

MR. RACG So you can nove the fuel up and
down, and you see we have a buffer storage up on top.
You can actually nove it and keep it there ready to

MEMBER SI EBER:  So the upper portion in
the fuel building is not subject to containnment
pressure driven actions.

MR RAO Right. Both this part --

MEMBER SI EBER  Yes.

MR. RAO -- and this part are not subj ect
to contai nment pressure.

MEMBER Sl EBER: And so they aren't

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

75

desi gned for containnent pressure, right?

MR. RAC They are not designed for
cont ai nnent pressure.

MEMBER SI EBER:  Thank you.

MR. SCHROCK: Do you use the concept of a
secondary containnent? |Is that what that is there?

MR RAC And that is also what's an
undefined external event shield. As the requirenments
are evolving, we don't want to be the first on that,
but we have the space for it. This can take care of
anyt hing that m ght cone falling fromthe skies. It's
undefined. W have not designed it structurally yet.
W can nmake it as thin or as thick as we need it.

This shows an actual draw ng cut-away of
the section. You can see that there actually is not
much equi pment in this building. There's just sone
equi pnent down here. The reactor vessel and the
pi ping, and that's what gives it the sinplicity.

This is the inclined fuel transfer. You
can see the spent fuel pool. This is grade el evation
here. Okay. It is essentially below grade there.

This is the fuel pool cooling system So
all of the water systens are done out here.

MEMBER SI EBER: Now, if | | ook at the core

relative to the suppression pool, only about half of
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the water in the suppression pool is available for
core flooding; is that correct?

MR. RAC Actual ly, you know, a two
di mensi onal picture is very m sl eading.

MEMBER SI EBER:  Yeah. That's the best you
can do.

MR. RAG In atwo di nensional picture you
don't really get the true feel of it. This water
| evel only drops by half a meter or somet hi ng when you
fl ooded everything in the bottom Ckay?

That's about 3,000 cubic neters, and the
total volune in the bottomwas 700 or sone

MEMBER SI EBER: But that reactor vessel to
sone is very large. Fromthe tip of the control rod
drives to the top is over 100 feet.

MR. RAC Yeah, but you don't have to
flood that to get the --

MEMBER SI EBER:  That's right.

MR. RAO You only have to fl ood t he | ower

part out here. In fact, that is one of the
advant ages. You've got the core lower than the
vessel. You don't have to flood it too rnuch.

MEMBER S| EBER:  Yeah.
MR RAQ This is the refueling floor

This is what | was nentioning. This is the pool up on
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the top. Inclined fuel transfer comes up there. You
can store 70 percent of a core up there. GCkay? So
you can nove stuff in and out during novel operations.

Again, we were trying to make it easier
for the utilities.

This one is an inportant chart. | want
you to know because for a couple of reasons. W have
greater water inventory, which gives us i nproved LOCA
performance, and we have a | arger steamvolune in the
vessel, the bigger vessel. That's where you start
from You make your vessel bigger. You'l | get
i nproved performance of the plan from a safety
per specti ve.

So since the focus here is on safety, what
you can see is we've got rid of the | arge pi pes bel ow
the core, ESBWRs on the left side. W got a shorter
core. So the core is actually sitting lower in the
vessel . This is the ABWR out here. It's sitting
hi gher because you' ve got to have the cold space for
the control rod drive. So the core is sitting a
little higher.

The top of reactor fuel above the RPV
bottom vyou can see is nuch | ower. Okay? So you
don't have to fill up the whole vessel, and this is

the bottomline. The water vol une outsi de t he shroud.
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kay?
Chester has color pictures in his
present ati ons. That is what determ nes the LOCA
performance. Okay? You end up with a lot nore

wat er that's avail able for flooding the core, and you

don't have to provide it from outside. It's there
inside the vessel, and you'll see how the plant
behaves.

And the other thing is because of the
chi mey, you've got nuch | arger steamvol une. You'l
see the pressure rate is about half that of an
operating plant of f an ABWR, and t hat's because you' ve
got about tw ce the steamvolune. | mean, you don't
need a conputer code for that. |It's just the sinple
nunbers and the size of the vessel.

Thi s shows t he pl ant response, andthisis
what | was trying to say earlier. 1f you |look at nost
of the operating plants in the US., all of the
operating plants in the U S., jet punp plants, for a
couple of them the water |level drops very rapidly
bel ow the core, and you have fast punp ejection.
That's what nakes up the water |evel

This is the water level following a
typi cal pipe break. ABWR, the water doesn't drop

bel owt he top of the fuel because we've elimnated the
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| ar ge pi pes.

CHAI RVAN WALLI S: This "typical" means
wor st ?

MR. RAC The actual TRACGplots, thisis
a sinplified plot.

CHAl RVAN WALLI'S:  They're all like this
for all pipe breaks?

MR. RAO. For the ESBWR, yes. For these
plants, they are not. For ESBWR, --

CHAI RVAN WALLIS: So for all pipe breaks,

the core level is way above the top of the core with

ESBV\R.

MR RAO On the ESBWR, you can see the
nunbers. It's three neters --

CHAI RVAN WALLI S: That's the nessage you
want .

MR RAO It's nine feet above the top of
there. No, there's a couple of other nessages | want
to give to you out here.

One is that the minimumwater |evel isn't
r eached. You don't even start injection --
"injection" is the wong word -- water doesn't start
flowng by gravity until about five or 600 seconds
into the transience. Things do not have to act very

fast. This response here, this first part is just
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what's in the vessel. Nothing is going to cone
outside. Thisis what's flow ng out, okay, and what's
avai |l abl e inside the vessel.

CHAI RMVAN WALLIS: So this is also good
fromthe point of view of operator action?

MR. RAO Yeah.

CHAI RVAN WALLI S:  Operators don't have to
do anyt hi ng?

MR.  RAC No. No operator action is
required. It's all in the vessel. Everything is
there. GCkay? So nothing happens fromoutside until
that time period, 600 seconds. You don't need fast
makeup. You don't need any.

And t hen when you see t he actual plot, you
can delay the injection several hundred seconds or
they' |l give you sone numbers they've drawn.

CHAI RVAN WALLIS: |I'mtenpted to say that
the reason this wasn't built 30 years ago was that
soneone had the crazy idea of putting these things in
a submarine so that they couldn't be too tall.

MR. RAO. Subnarines are 50 years ago, 60
years ago.

CHAIl RVAN WALLI'S: Well, anawful longtine
ago, probably before you were born.

MEMBER KRESS: What causes the recovery in
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| evel at 100 seconds?

MR. RAO Oh, okay. This is what happens
is you start opening the break transition valves,
fl ashing going on inside the vessel.

MEMBER KRESS: Onh, that's the --

MR. RAO That's the depressurization

start.

MEMBER KRESS: Oh, okay. That's just
the --

MR. RAG Just the two phase |evel.

MEMBER KRESS: Two phase | evel .

MR RAG You'll see alot nore different
pl ots. This is just to give you somewhat of an

overvi ew here.

MEMBER RANSOM  What do you nean by the
shroud, change in termnology there? |Is that the
annul us?

MR. RAO Inside this thing this is the
shroud. Gkay? This --

MEMBER RANSOM So is that a coll apsed
wat er | evel ?

MR- RAQ This one?

MEMBER RANSOM Wl |, vyes.

MR RAO This is a two-phased |evel

(phonetic).
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CHAI RVAN WALLIS: So it's steam above.

MEMBER RANSOM  Three phase or col |l apsed

MR. RAO Two phase. You'll see a |ot
nore details on col |l apsed and two phase and all inthe
| ater presentation. This is the two phase |evel
You'll see a lot nore detail as we go al ong, and you
can l ook at it fromcoll apsed | evel s. You can | ook at
it fromtwo phased | evel s. You can | ook at downcomer
| evel s, shroud |evels.

The key thing is the water | evel and the
shroud. That's what keeps the floor covered.

kay. This shows the containnent
pressure, the function of time for the --

CHAI RVAN WALLI' S: Does it ever cone down?

MR. RAG  Pardon?

CHAI RVAN WALLI' S: Does it ever cone down?
It seenms to be creeping up

MR. RAO A passive systemw || not get
down to anbi ent conditions.

CHAl RVAN WALLI'S: So it stays up at .8?

MR. RAO Yeah, it stays up there. That's
true. Because renmenber what keeps the pressure upis
the air goes fromthe drywell to the wetwell. It's

not a heating issue. It's not a safety issue. It's
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a question of just the air being in the -- fromthe
drywel | being pushed into the wetwell. That isreally
what - -

CHAI RVAN WALLI S: Then what's in the
drywel | ?  Just steanf

MR, RAO  Steam

CHAl RVAN WALLI S: Well, eventually that's
goi ng to di sappear.

MR. RAG Pardon?

CHAI RMAN WALLI S: Eventual ly that wll
presumabl y go.

MR RAO  No.

CHAl RVAN WALLI'S:  No?

MR. RAC Decay heat will keep it there.

CHAI RVAN WALLIS:  Oh, okay.

MEMBER POVERS: It depends on the
definition of "eventually." Eventually decay heat
goes away and then you're all dead.

MR. RAO. Eventually you'll have to turn
on your punps. Ckay? There's no -- okay. The
passive system wll never get you to anbient
condi tions.

Ckay. There's an extensive test program
|"ve just given you an overvi ew. W' ve done conmponent

costs. We've done integral tests, different scales,
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different countries, asysteminteractiontest. W've
even done tests with hydrogen rel eases. Basically the
testing is used to qualify the conputer code.

And there's been extensive review and
participation by the NRC staff in the tests matrix
both fromthe SBWR program all on the SBWR program
and the running of the actual test.

A key point in our presentation is that
all of the testing that was done for SBWR we believe
is sufficient for the qualification of the TRACG
computer  code. However, we did additional
confirmatory testing for the ESBWR i n one of the test
facilities, and we' |l present results fromthat al so.

MEMBER KRESS: | presune you base that on
a PIRT and a scaling and pi groups that are --

MR RAQ Right.

MEMBER KRESS: -- basically the sane?

MR- RAO Right, exactly.

CHAI RVAN WALLI S: Actually | think youtry
to do everything at full scale in the sense that it's
full height.

MR. RACG Wll, we --

CHAI RVAN WALLI'S: The only thing that is
conprom sed is the dianmeter of things.

MR. RAC Well, the conponent tests were
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full scale for the SBWR size.

CHAI RMVAN WALLIS: As nuch as possible,
right.

MR RAO W did -- as far as DPVs and
vacuum breakers and all, those are full scale
components. The only thing that's not full scale for
the SBWR and ESBWR i s the PCCS heat exchangers.

CHAI RMAN WALLI S: Just the system yeah.

MR. RAO PCCS heat exchangers. Okay?
We' ve made t hem 35 percent bigger. W just increased
t he nunber of tubes. kay? So that is another
di fference conpared to the --

DR. BANERIJEE: And the chimey is
different, right?

MR. RAG The chimmey is the sanme as the
SBWR ones.

DR. BANERJEE: They're the same size?

MR. RAO Yeah, the one neter by one mneter
di anmet er .

DR. BANERJEE: Right, and the | ength was?

MR. RAO Length may have gone up by about
a nmeter or so.

CHESTER It's just a little bit |onger.

MR RAG O half a neter. | don't know

what the exact nunber is, but it's up alittle bit.
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kay. So we made extensive new
subm ttals. You can see out here we've -- |ike 7,000
addi ti onal pages of submittals conpared to the SBWR
W are relying a lot on the SBWR So that was a
conpl ete and extensive program

Thi s shows t he overal | technol ogy program
el ement s. You'll hear on this the testing and
anal ysis programnext. It's called TAPD. You'll hear
that acronymmany tinmes. This gives you what we did
on the PIRTs, what was required for qualification.

That defines the overall plan. Okay?

Wthregardtothe TRAC nodel description,
we got what we called the TRAC base qualification.
That was a report that was subnmitted and approved by
the NRC earlier for operating plants' AOOs, as shown
out here. So these three on the right had been
submitted earlier to the staff.

Sone of the ones out here with the dashed
colors in the blue are sone that were submitted for
the SBWR. The ones that don't have any color in them
are new or uni que subm ttals in support of this ESBWR

t echnol ogy cl osure.

W' ve got a scaling report. You'll hear
about that. You'll hear about the SBWR testing
sunmary. You'll hear about the ESBWR specific tests
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that were run. You' |l hear nore on the TRACG
qualification, how we do the nopdel bias and
uncertainty, and that gi ves us the val i dated core, and
that's what we're looking for in this part of the
program an SER on that.

Basically the SER -- sorry -- is on the
application nethodology. |I'msorry. it's not on the
validated core. It's on the application nethodol ogy.
Ckay.

And once we get that, we'll submt the
safety anal ysis report.

MEMBER FORD: So material degradation
i ssues, the only place it would cone woul d be pl ant
paraneter uncertainties?

MR. RAG Yes, but we have not done that
specifically upyet. So |l don't want to even inply.
That will cone in this, okay, in the safety analysis

report. That's part of the next submttals.

So you'll be hearing about each one of
t hese, and you'll see that chart cone up a fewtines.
Ckay. |'mdown to al nbst one nore chart

after this, and basically we have sinplified the
design with passive systens. The plant eval uations
are sinpler. Calculations can be done at the back of

an envel ope of the contai nment pressure. You can | ook
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at what we've done in the design in terms of LOCA
W' ve added a lot nore water to the vessel. That's
why you don't uncover the core.

And we can take a | ot of uncertainty, you
know, injectionrates, start tines, VDCSflows, all of
those things, andit's not a plant that's sensitiveto
any of those uncertainties.

The analysisis alot | ess conplex thanin
the past. Wat you'll hear, again, later on -- |I'm
just giving you an overview-- is that we're using the
best test for AOCGs. Ckay? For the three applications
here, we are trying to follow the procedure that's
approved by the NRC or suggested by the NRC. W're
using a best estimate cord with uncertainties defined
as for our operating plants, the sane as for AOGCs for
operating plants, nodifferent procedure, no different
appl i cati on.

For ECCS/ LOCA, since we had | ots of margin
what we did was we' re using best estimate code with a
sinplified accounting of the uncertainties. It's a
sinplified accounting just to save us work because,
you know, you can build the sane procedures around 59
cases and do all of the uncertainties. Al that you
will get is, you know, ultimately there will be no

change in the peak cl addi ng tenperature.
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So what we've done is a sinplified
accounting of the uncertainties. It's just
sinplified. I1t's nore, you know-- it doesn't seemto
be eval uabl e, of any use to do all of those 59 cases.

MEMBER SI EBER: Are you going to explain
exactly what you nean by sinplified | ater on?

MR, RAO. Later on.

MEMBER S| EBER:  Thanks.

MR. RAO Ckay, but | do want to tell you
that, you know, there's a slight difference in the
appl i cation of the TRACG out here and just give you a
heads up. That's what you're going to hear.

MEMBER SI EBER.  Ckay.

MR. RAO. That's what issue we're | ooki ng
for as we go through the presentations.

For the contai nment and LOCA, we're using
a boundi ng cal culation for the contai nment and LOCA
anal ysi s, and we've also accounted for the
uncertainties, and we'll tell you howwe' ve account ed
for the uncertainties.

Primarily the key i ssue out here i s howdo
you account for stratification and m xing. Okay?
Like I nentioned earlier, there are two conponents
t hat determ ne the contai nment pressure: hownuch air

gets pushed into the wetwel | airspace, and there's no
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answer. You take all of it fromthe drywell and push
it into the wetwell. There's no uncertainty there.

The only questionis cal culating hownuch
stratification and m xi ng you get in the suppression
pool, and that will give you the vapor pressure.
That's a smaller part of the total containnment
pressure, but it is the only one that will give you
any variation. Okay?

You can al ways do a boundi ng cal cul ati on
of the air being shoved over. Okay. So we will tell
you how we' ve done the bounding cal cul ati on for that
stratification. So that's where that bounding
calculation refers to.

There's low paraneter uncertainty,
especially in the ECCS/ LOCA. You know, the declining
t enperature you see.

CHAl RVAN WALLI'S:  That | ooks |i ke orders
of magnitude better than usual. | don't believe half
of the PCT.

MR. RAQ The core doesn't uncover. It's
the PCT that it doesn't matter out here.

CHAI RMVAN WALLIS: It's so lowit doesn't
matter.

MR RAG It doesn't matter.

CHAl RMAN WALLI'S: So this observation is
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irrel evant.

MR- RAO Yes, it doesn't uncover.

Okay. The substantial margins that exi st
inthe design, they'reusingintegrated code. Thisis
what the ACRS has wanted for years. W've got that.
It's here. W're using it.

And it's not a code that we just
devel oped. It's been around for --

CHAl RVAN WALLI S: |"'m surprised your
managenent allows you to pay for these enornous
margi ns, and usually it's econom cally beneficial to
get closeto sone limt rather than havi ng an enor nous
mar gi n.

MR RAC Well, "Il explain.

CHAI RVAN WALLI' S:  You' re now goi ng to say
t hat, "Ah-ha, but nowwe're going to operate the power
by 50 percent or something"?

MR. RAO. No, no, no.

(Laughter.)

MEMBER SI EBER:  That's tonorrow.

CHAI RMAN WALLI S: There nust be somet hi ng
that you're going to gain by --

MR. RAO Thiswll get meintrouble. W
devel oped the ESBWR in spite of managenent. Okay?

(Laughter.)
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MR RAO Ckay. The --

MEMBER SI EBER:  And so your work is not

done.

MR. RAO No, no, no, no. There was a
reason --

PARTI ClI PANT: They're going to see the
transcript.

MR- RAO That's fine.

(Laughter.)

MR. RAO Theissuereally hereis what is
t he ri ght power | evel. Okay? And we chose this power
| evel for two reasons.

We coul d have gone up -- in fact, when we
chose this power level, it was -- the EPR had gone up
with 1,700, the ABWR Il had gone up to 1,700. CQur
feedback fromthe utilities was 1,400 is about the
ri ght power |evel. That was what the market was
telling us.

The second thing was that 7.1 neter
diameter. We felt confortable with these margins, and
agai n, renenber when you're trying to bring a new
product to rmarket, you do have to have sonet hi ng t hat
stands out, and having the additional margin, and
hopefully it will hel p us get through the NRC review,

the ACRS review a | ot easier. Ckay?
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This is an inportant factor in the whole
desi gn, getting passed through this right here.

MEMBER POVNERS:. He's issued a challenge
for you, Dr. Wallis.

MR. RAO The challenge really is, you
know, right here onthis chart. GCkay? Thisisreally
the chall enge for all of us, is it's been a 15-plus
year technol ogy and desi gn program

CHAl RMAN WALLI' S: That doesn't sound to ne

good. | nean, if it has taken so long, it suggests
that it's avery difficult thingto do. | don't think
it's a--

MR RAC No, it's not.

CHAI RVAN WALLI'S:  -- good thing to claim
that it has taken along tine and therefore it's good.

MR RAC No, it's not. Part of the
reason has been there has been no interest in the
mar ket. So, you know, we're from California and no
Wi ne before its tinme. No product before its tine out
here, and if we had got the SBWR certified, no one
would say a word. Ckay? It looks like there's an
i nterest out here.

So it's not the right time. Okay? [|I'm
not trying to inply that anyone do the same. It's an

extensi ve technology program Sinplification is by
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desi gn. It's not just ny words. You can see the
nunbers. It's the design that's the issue.
The | arge vessel, you know, we -- by the

way, the | arge vessel actually doesn't end up costing
us much nmoney. Just froma practical point of view,
it's just an extra ring. The npst expensive part of
the vessel is the |ower head. It's not the extra
rings up at the top, and the --

CHAI RVAN  WALLI S: All of t hose
penetrations that you have down there i s the probl enf

MR. RAO Yeah, that's what. You know
with the punmps and all of that, that's the nost
expensive part, and just to cite the issue out here
not for reviewis that the vessel hei ght does not set
the building height. It's different than the
traditional boiling water reactors.

So the chall enges for the com ng nonths
really are we need cl osure and confirmation, and one
of the issues that the utilities put up in their
presentations is regulatory risk, and this is one of
t he i ssues t hey say about the ESBWR, i s you guys don't
have a piece of paper to showto us that you can get
cl osure on any of these issues.

That's why we have renaned this the

technology closure program not just the pre-
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application review This is not, you know, just to
get afeeling for it. W wanted to showthat, yes, we
don't need any testing. W can use the TRACG code and
we' ve done a good j ob.

And t hank you

MEMBER KRESS: Coul d you go back to your
slide nunber six? | don't knowif you can back up or
not .

CHAI RVAN WALLI S: Just don't click to
exit.

MEMBER KRESS: Now, on your power flow
map, yeah, could you show nme at full power where
you're operating? Right there. You don't have a
MELLA | i ne because that's a punp characteristic.

MEMBER SI EBER:  Ri ght.

MR RAQ Right.

MEMBER KRESS: So you're operating right
on that steep part of that natural convection line
right there.

MR RAO Right there. This, you know,
|"mtrying to show a natural circulator and a forced
circul ator.

MEMBER KRESS: Yeah, | understand.

MR. RAO That chart is kind of

m sl eading. You' ve got to remenber that the --
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MEMBER KRESS: Yeah, | under st and.

MR RAO. This should be the X axis for
t he natural circul ator

MEMBER KRESS: Yeah.

MR. RAO Because what it control --

MEMBER KRESS: It shoul d be the ot her way
around.

MR.  RACO It should be the other way
around.

MEMBER KRESS: Yeah.

MR. RAO  But, you know, because people
are used to this chart, we're showing it this way.
This is -- you know.

MEMBER KRESS: Does that open up the
possibility of small perturbations in flowgiving you
| arge perturbations in power?

MR RAO  No.

Rob, do you want to answer that?

PARTI Cl PANT:  No, because each point on
that curve corresponds to a particular control rod
position. As you pull rods, you get different points
of operation. You cannot go fromone fl owto anot her.
You cannot junp fromone flow to another.

MEMBER KRESS: So this is not a natural

thing. It's a control rod.
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PARTI Cl PANT:  Yeabh.

MEMBER KRESS: | understand that. Ckay.

Well, the question there then, another
guestion on defense in depth, do you have nore than
one redundant systemto shut down, scram (phonetic)
t he reactor?

MR. RAO Yes. W have, in addition to
the control rod drives, which are both electrically
and hydraulically driven --

MEMBER KRESS: That's sort of a diversity,
yes.

MR. RAO That's the diversity there, and
we al so have a boron injection system

MEMBER KRESS: You have boron i nj ections.
Ckay. Thank you.

MEMBER SI EBER: That systemwoul d have to
be quite large conpared to the current BWR --

MR. RAOC. The boron injection systemis
actually --

MEMBER SI EBER:  Hi gh vol une.

MR. RAO. -- an accurul at or driven system

MEMBER SI EBER:  Ri ght.

MR. RAQO It's a large tank, two |arge
t anks actual ly.

VEMBER RANSOMt VWhere is the boron
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injection system | ocated? Is it outside the
cont ai nnent or --

MR. RAO It's outside the containment.
It's -- it's outside containment. It's up high.

MEMBER SI EBER  Yes.

MR. RAOG. | can showyou on the drawing in
t he break.

MEMBER RANSOM By natural circulation,
you nean, or do you have --

MR RAO. No, no. |It's a high pressure
accunul ator driven system

MEMBER RANSOM  Ckay.

MR. RAO It's on natural circulation.
It's accurul ator driven. So it's high pressure
i nj ection.

Just it's not part of the review, but ATWS
in this plant is handled at high pressure.

CHAl RVAN WALLI'S:  Any nore questions at
this tine?

MEMBER SI EBER:  Well, just one. Are you
t al ki ng operati ng pressure and above when you say hi gh
pressure?

MR. RAO Yeah.

MEMBER SI EBER.  Ckay.

MR. RAO You don't need to depressurize
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basically. You inject the boron. You renove the --
ATW5 is a contai nnment decay heat renoval issue.

MEMBER SI EBER:  Ri ght.

MR. RAO This one, we don't dunp nuch
into the containnent. W renove it directly fromthe
vessel to the isolation condensers.

MEMBER S| EBER  But the accunul ators are
probably 1,500 pounds or better.

MR RAQ In other pressure or --

MEMBER SI EBER: To start.

MR. RAC | don't know the pressure. |
was going to say 2,000, but --

MEMBER SI EBER:  Well, | was, too.

MR. RAO Yeah. | think it is 2,000, but

we can give you the exact nunber.

MEMBER Sl EBER: Wll, it's not that
inmportant. | was just trying to understand what it --
MR. RAOC Yeah. Well, it injects and it

basically shuts down. The key question is where do
you renove the steam The way it works is initially
the relief valve opens. It dunps sone energy into the
suppression pool, but very soon the isolation
condensers take over and it can renove t he energy, and
SO you stay at high pressure. You don't |ose anynore

boron out of the water.
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MEMBER RANSOM At am one ot her question

on your contai nment pressure slide.

MR RAO Yes, sir.

MEMBER RANSOM | don't know what -- it's
page 11.

MR. RAG  Ckay.

MEMBER RANSOM  Wher e does t hat eventual |y
go and what eventually turns it around?

MR. RAO You have a turn-around in an
active system

MEMBER RANSOM  Pardon?

MR. RAO You turn on an active system
long termto bring the pressure down. That's a | arge
pl ot, you know. 1It's kind of m sleading. It makes it
| ook like it keeps going on.

MEMBER RANSOM Do you have a table you
can give to us of the volunes and the design, the
amount of water and GDCS in the wetwell and so forth?

MR RAO W can try to pull that

t oget her.
MEMBER RANSOM  Yeah, | have the table.
CHAl RVAN WALLI'S: | thinkit's tinme we put
an end to this. It has been a very useful overview

Thank you very nuch. I think it has

hel ped us a great deal, and now we're going to dig
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into the details, but first we will take a break.

Since we have taken so long, | think
everything is going to be noved up today by 45 m nutes
or an hours. We should just plan accordingly, and we
shoul d expect to be here until five or six o'clock and
not to finish by 4:15.

We will take a break nowuntil 20 m nutes
before 11, and I'd ask everyone to be back on tine so
that we can start at that tine.

(Whereupon, at 10:25 a.m, a short recess

was taken, reconvening in open session at 4:26 p.m)
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(Whereupon, the proceedings in the
above-entitled matter went back on the record at 4: 26
p. m)

CHAl RVAN WALLI S: Back on the record.
W' || now hear fromstaff.

M5. CUBBAGE: Thank you. I'mAnmy Cubbage,
Proj ect manager, ESBWR pre-application reviewin NRR
and "' mgoing to give a brief discussion on the scope
and schedul e for the pre- application review You' ve
seen this earlier today, but | just wanted to nake a
couple of points here; one being that PRA is not
included in the pre-application review scope. That
will be addressed during the design certification
revi ew. And ATWS and stability are not in the
current pre-application scope, but wll likely be
added in early 04 as an addition to the pre-
application revi ew

And on the schedule slide, I'd just like
to point out that the staff has provided 317 RAIs to
GE at this point, and we're planning to issue
addi tional RAls by the end of the nonth.

MR. POAERS: Do you get paid by the RAI,
or --

(Laughter.)

MS. CUBBAGE: Around 300. Is that better?
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MR. POVNERS: Maybe these guys can work a

deal and pay you nore for non-RAls.

M5. CUBBAGE: |'mafraid it doesn't work
t hat way.

MR. POAERS: Onh, all right.

M5. CUBBAGE: Research and NRR have
devel oped a pre-applicationreviewplan, and assenbl ed
an inter-office review team Ral ph Landry has the
| ead for the TRACGrevi ew. Mhhamad Razzaque will be
presenting the Tab D Scal i ng and Testing Revi ew, and
Joe Staudeneier fromOfice of Research will discuss
t he research activities associated with the SBAR And
if there are no questions, I'dliketoturnit over to
Ral ph to get started.

CHAl RVAN WALLI S: Well, we're going to
have research activities later?

M5. CUBBAGE: Correct.

CHAI RVAN WALLIS: It seens as if we've
gone into a situation we've been in before, where
research cones after it's needed.

M5. CUBBAGE: Oh, later nmeaning in this
presentation.

CHAI RVAN WALLIS: No. | nean researchis
going to be done after NRR has made sone of its

deci si ons.
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MS. CUBBAGE: There are sone activities

that are in direct support of the pre-application
review, and we'll discuss those. And then there are
other activities that will be in support of the design
certification.

CHAI RVAN WALLI S: But even those you're
going to have to hustle.

M5. CUBBAGE: That's right.

CHAI RMAN WALLI S: kay. Sorry to stop
you. Go ahead, Ral ph.

MR. LANDRY: |'m Ral ph Landry from NRR
React or Systens Branch. And this afternoon, |'mgoing
to try to get through this fairly quickly. Mst of
the material has been touched on al ready, but | woul d
like to give a view of the staff over sonme of these
points. And |I'mgoing to go through very quickly the
TRACG Code Revi ew approach, who the team nenbers are
involved in the review, a fewof the technical issues
whi ch have been rai sed. And on these i ssues, we don't
have answers yet. These are sone of the points that
we' ve rai sed as concerns, and points that we' ve asked
in RAIs and are seeking to have addressed, a little
bit about the status of the RAls, which Amy has j ust
mentioned, talk about sone of the confirmatory

calculations that we have planned and that are
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underway, and a few of our concl usions.

The approach that we've taken to the
reviewof TRACGis two- pronged. One is review ngthe
docunentation, and the second part is going to be
revi ewi ng use of the code, anal ysis and perform ng of
confirmatory cal cul ati ons.

Looki ng at the docunents today, we' ve been
| ooking at the TRACG nodel description, VIA's BWR
application qualification, the SBWR application and
qualification and the input manual to the code. The
code docunentation is fairly good. Looking at all
t hese di fferent codes over the years, we've seen sone
docunentation that's been abysmal and that's Kkind.
W' ve seen sonme documentation that's far better.

The frustration we've had wth this
docunentation is the breadth of it. W began | ooking
at the nodel description docunent, which is noted as
Revision 2. It's the sane volunme that was subm tted
for AOCO reviews of TRACG W were told that's the
docunment we're supposed to review for the nodel
description for TRACGpart of this application. Well,
in perform ng that review, we found out that where's
all the containment stuff? This code is being used
for the reactor coolant system and for the

cont ai nnent, but there was nothinginthere applicable
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to the containment. OG said you have to back to Rev.
1 of the docunent, the SBWR version, to find the
contai nnment material, so we went back tothe Rev. 1to
find that the contai nment rel evant material, but it's
all relevant to the SBWR cont ai nnent .

Then we said well, if we're going to | ook
at that, we have to go back and conpare it to Rev. O
to see what corrections were made, to see if they
updat ed as had been planned in the SBWR review. So
the frustrationis, while we say we're | ooki ng at the
nodel description docunent, we're actual |y | ooki ng at
t hree vol unes, three revisions of the same docunent,
and that material still isn't conplete, and has
resulted in RAlS.

Looki ng at the description material, we
found a nunber of pl aces where there are typographi cal
errors. There are equati ons where sonet hi ng as si npl e
as gravity has been left out of the equation. W
found in one of the figures in Section 6.6, units
which we have been trying to figure out what the
nmeani ng of the units are. W found a figure that has
the units of walls per nmeter square per degree kel vin,
and we kept -- | don't know if it neant \Wallises.

CHAI RMAN WALLIS:  Watts.

MR. LANDRY: It neant Wallises per neter
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squared. W have yet to figure out what awall is, so
these are the kind of errors that we're finding that
you woul d expect in Rev. 2 to not see things like
this.

The anal ytical reviewhas been to run the
TRACG code as we received it from CGeneral Electric
with the SBWR i nput nodel. W have their input --

CHAl RVAN WALLI'S:  Are you running their

code?
MR. LANDRY: Their code with their input
deck. 1'IlIl give you sonme results fromthat run |l ater.
CHAI RVAN WALLI S: Does it run better than
TRACW?

VR. LANDRY: [''m not addressing that.
We' ve been runni ng TRACG | ooki ng at sone anal yses and
some test cases, and we intend to do confirmatory
anal yses wusing the contained code, |ook at the
contai nnent part of the plant design. W want to use
TRACM TRACE. Sonetines | use TRACM sonetinmes | call
it TRACE. | haven't gotten used to the nanme change
yet.

Then we want to | ook at a couple code,
coupl i ng TRACMw th CONTAIN. W' re doing this because

we | ooked at t he code and sai d okay, they're using one
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code to look at the reactor coolant system and the
cont ai nnent .

CHAI RMAN WALLI S: It's actually TRACE
It's the predecessor of TRACG

MR. LANDRY: | think thisis degenerating.
W | ooked at the code and said you're using one code
to do both the reactor coolant system and the
contai nnent as one coupled continuous cal cul ati on.
We're not so sure about that.

VWhat we would like to do is convert the
TRACG deck as it stands to run in TRACM Well, for
conparison, here's a code of a simlar |ineage, sone
di fferences. Wat woul d happen runni ng t he sanme nodel
on both codes? Well, the TRACMhas sone problens with
some of the aspects of the containnent, so we said
okay, we can't do that. So what we're going to dois
we're going to take the TRACG i nput deck, di sassenble
t he deck. 1In other words, the reactor cool ant system
t he containment. W' re going to take the contai nment
and input it to CONTAIN. W're going to run a stand-
al one contai nment nodel .

Then we're going to run the converted
react or cool ant system nodel from TRACG wi th TRACE
and then we're going to bring those two codes

t oget her, which the coupling has been done now. And
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so far we've gotten a run out to, | think it's 120,
150 seconds. But a conbi ned cal cul ati on of TRACE and
CONTAI N so that we can see, does the reactor cool ant
systemwi th a realistic contai nment code give aresult
simlar tothe result you get with TRACG runni ng both
t he reactor cool ant systemand t he contai nnent in one
code. This is an approach that we're taking to these
confirmatory cal cul ati ons.

MR. POAERS: When you say sim lar, is that
sonmething that is in the eyes of the beholder? WII
| knowit if | seeit, or is there --

MR. LANDRY: Yes.

MR. POWERS: -- criterion for what
"simlarity" means?

MR.  LANDRY: Right now we don't have
criterion other than we want to see what the results
are first, and are there differences, and t hen why are
there differences, if we see then? And what is the
magni tude of the differences, and what 1is the
signi ficance of thenf

MR. POVERS: Take sonething that's easier
to think about |ike suppression pool tenperatures.
They have very m | d suppression pool tenperatures in
their cal cul ati ons they showed today. What nagnitude

of difference would cause you pause?
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VMR, LANDRY: At this point we haven't

tried to figure out exactly the magni tude of what --
because we're just at the very infancy stage of this
process.

MR, POVERS: | under st and. But | nean
your experience now.

MR. LANDRY: Ri ght nowwe're so focused on
trying to get this to run, that we haven't gone back
and said magni tudes can we tol erate.

MR. PONERS: Well a lot of nmy notivation
for asking this question is because it's such an
onerous undertaking that you -- what | would like to
understand, is it a matter of seeing differences of
say 20 degrees, or is it a matter of seeing the
suppr essi on pool get upto the point that it's closing
in on saturation?

MR. LANDRY: That woul d gi ve us pause.

MR. POAERS: That woul d gi ve you pause, |
know.

MR. LANDRY: Definitely.

MR. PONERS: Wul d t he ot her one, 10 or 20
degrees, give you pause?

MR. LANDRY: Ten to twenty probably isn't
going to give us a great deal of concern.

MR. POAERS: kay. | understand.
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CHAI RMAN WALLI'S:  Now TRACG has been run

a lot of times, and TRACE has hardly been run at all,
so really you be perhaps testing TRACE rather than
TRACG

MR. LANDRY: Well, TRACE has been run a
fair ampunt, and we're running it with a converted
i nput nodel .

CHAIl RMAN WALLIS: So it has --

MR. LANDRY: Plus, it's being assessed by
research. Research is doing alot of work. Very vast
for us.

CHAl RVAN WALLIS: Ckay. It has a history
of actually being able to nodel BWRs and so on?

MR. LANDRY: Yes. They' re working on
t hat, and working on conparisons. You'll hear nore
about that from Joe Staudeneier l|ater, but they're
working on a lot of assessment of TRACE versus not
only the test that General Electric has referred to,
but also the --

CHAI RVAN WALLIS: Okay. So we will hear
about that.

MR. LANDRY: Yeah. You'll hear nore about
that from Joe.

The range of the review, Any has already

covered. We're | ooking at LOCA, ECCS and cont ai nnent
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performance with TRACG at this point. We are not
| ooking at in the pre-application reviewtransients,
ATWS or stability. Those points are going to be
brought up later.

The people involved in the review are
nmysel f, Shanl ai Lu, Ed Thromand Andre Drozd, all from
NRR. It's a combination of reactor coolant system
anal ysts and cont ai nment anal ysts. W have contracts
with Brookhaven National Laboratories, [ISL and
Cakridge to support us in the work.

Research has a team together, including
Joe. Joe Kelly isinvolvedinit, Steve Bajorek, Jim
Han. Let's see, Kodak is involved in it. Al
Not of rancesco is involved in it. | think Dave
Bessette is involved in the work, plus they have
contractors. So it's a fairly large group of us
involvedinit, but verylimtedfocus pre-application
review. And you have to enphasize this. This is a
very limted focus review at this pre- application
stage. It's only on the code.

Sonme of the technical issues which we've
raised so far, and these are all in the RAlIs, we're
concerned with the way reactor power is handled in an
acci dent and the analysis. W see no delay in reactor

SCRAM Break initiates, r eact or is SCRAMed
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i nstant aneously. No four to eight second del ay t hat
you nornmally see in a SCRAM

What is that going to mean for some of
t hese breaks and t he anmount of power? W' re concerned
about some of the mass and energy rel ease t hrough the
break and through the ADS. W' ve asked questions
about critical flow through valves, and the way it's
nodel . Virgil has al ready asked that question. W're
not going to the point that Virgil was asking, but we
have asked questions in that area already.

We're concer ned about t he PCCS
performance, and we' re studyi ng t hat perfornmance si nce
it is such a critical system Gavity draining and
theinterfacial heat transfer and fl ashi ng we' ve asked
guesti ons about.

Some of the nodeling issues that we've
rai sed, include the use of a single vessel nodel for
both the reactor cool ant systemand the contai nment.
This is one of the problens that TRACE has, that you
can't use a single vessel for this entire system
We're concerned as an extension of that, with the
t hick heat structure that's around the vessel for the
mai n steam |ine break LOCA.

They have t he react or cool ant system t hey

have a contai nment, and they have our heat structure
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this wide between the two, but that nunber is
proprietary. Well, we're trying to figure out where
inthewrldit existsinreality. W don't know W
can't find it.

CHAI RVAN WALLI S: What do you nean by heat
structure?

MR. LANDRY: A heat sink, a heat slab,
sonmet hi ng that energy is absorbed by.

CHAI RVAN WALLI S: You nean a slab of
concrete?

MR. LANDRY: W can't find what it is.
W' re concerned about radio distortions in their
nodel . Gavity is distorted, and we're concerned
about non-condensi bl e distribution, questions which
you' ve al ready raised today.

MR. RANSOM How is gravity distorted?

MR.  LANDRY: The way the friction is
nodel i ng, but Shanlai. (4:42:20)

MR LU Ckay. | am Shanlai Lu fromthe
DSSA. W are currently looking at gravity and
par amet er s produced and t he heat remai ni ng froma UCCS
LOCA. The pancake will be contai ned, and part of the
vessel interns of deliveringit all together, and use
it as one single TRACG vessel nodel, the nodel into

our system And we are trying to |look at that to see
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whet her nunerically, because i f you do have |l et's say
| ayer 21 to lay 31, is way above the reactor vessel
itself. Then nunerically the pool is really high.
You have the el evati on di fference between t he pool and
the reactor vessel itself. However, we tried to use
t he TRACG the one conponent conpensated this part to
take i nt o account the current that the gravity failure
had. So what we're trying to do is trying to verify
this, so this is correctly done. That's what we're
trying to do.

MR RANSOM | guess that's quite
dangerous if you have any | oops.

MR. LU Yes. That's a reason we want to
| ook into that, because if we go back to return PFM
t he stage, we have di sconnected the el evation of the
| oop, and the | oop closure is not closely cl osed then.
You will have a problemw th gravity.

MR, SCHROCK: Ral ph, | don't know what

TRACE i s.

MR. LANDRY: TRACE is TRACM

MR. SCHROCK: TRACE is TRACM

MR. LANDRY: TRACM has been renaned to
TRACE. That's why | said, | keep going back and

forth, referring to TRACE or to TRACM

Sone of the technical issues that we' ve
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identified with the transients, even t hough we're not
reviewing thetransients at this point. The incorrect
core design, you' ve heard this norning that GE tal ked
about using a nine foot core when it's actually going
to be aten foot core. Well, that's true of the LOCA
anal yses al so, and we' ve rai sed t he questi on, what are
t he fuel design paraneters for this core?

They were supposed to have that
information to us | ast Novenber. We're alnpst to the
m ddl e of July, and we have yet to seeit. W have a
contractor waitingto generate the core paraneters for
us when we get that data from GE

W' re concerned about stability, and in
particular, stability of a pancake core. This coreis
shorter and | arger in dianeter than typical. Those of
us t hat have been i nvol ved i n past reactor work inthe
past know t hat when you pancake a core, you create a
core that is less stable than a tall thin core.

CHAI RVAN  WALLI S: Is this from a
neut roni cs point of view?

MR.  LANDRY: Neutronically it's Iless
stabl e, so we're concerned about the stability of this
core, since it's being pancaked.

We're concerned about adequate heat

transfer data for the fuel design. The question was
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rai sed this norning about are we getting in the same
situation we were in with the GE 14 data, and the
Drexell-14 correlation? And we've identified this
concern to Ceneral Electric 14 because of inadequate
data. They're supposed to be obtaining those data
this summer, but this is an extension of that problem

We have over 300 RAIs outstanding at this
point. W' ve asked 317, sone of them have nultiple
points, parts to them |It's many, nmany pages. They
range from nodeling issues to typos. W've had a
nunber of telecons with General Electric. W've had
neetings, and we're going to have an all-day neeting
tomorrow with themreviewng the status of sone of
these RAls, and their responses to them

The formal RAlIs are due out the 18th of
this nonth, so we're pressing to concl ude our RAl set
so that Anmy can get those RAIs issued. Those
responses are due in August. |f we're going to neet
the schedule that we're on today, which is an
extrenmely aggressive schedule for this SER, there
cannot be any slip in getting those responses. Now
we' ve i ndicated that a couple of tinmes. Any slippage
at all, and it's just going to be inpossible to neet
t he schedul e that we're on.

The confirmatory cal cul ati ons that we are

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

330

perform ng, as |'ve said al ready, neani ng runni ng t he
TRACG SBWR input deck on TRACG W' re running
contai ned input nodel. Sonme of those runs have
al ready been done. Those are using mass and energy
dat a gener at ed by TRACG and we' re generating data now
with TRACM TRACE, TRACM whi chever nane you want to
use. Input nodel has been devel oped in conjunction
with research, and with ISL. And 1'd like to note
t hat research has done an i ncredi bl e j ob of hel pi ng us
with that problem They' ve put a lot of effort into
it, debugged the code, debugged the input nodel, and
put a great deal of effort and a great deal of support
into helping us with that nodel generati on.

TRACE- CONTAI NI i nkage i s underway. It has
been linked, and the initial runs have started, we're
hopef ul to have sone good confirmatory cal cul ations in
the not too distant future.

This table lays out a nunber of the
calculations that we're performng. These are the
maj or bl ocks, of course, all the sub- cal cul ations
per f or med. But you see the initial GDCS and main
steam line break calculations with TRACG we've
conpleted. We're still studying the results. W' ve
started doing sone PCCS calculations with TRACG

W're Jlooking at calculations to study energy
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conservation in TRACG sone cal cul ations for gravity
flow. The main steamline break LOCA has begun w th
CONTAI N. Sone of those calculations have been
performed. The TRACE- CONTAI NI ink has beeniniti ated.
We're going to ook at GDCS LOCA. The GE-12 fuel,
that's what | alluded to that we need the fuel
information. We're waiting to get the information on
the fuel so that we can have QOakridge National
Laboratory generate the fuel paranmeters for us.

AOCs are planned after we get the correct
fuel nodel, and when we start into the transient
revi ew phase, and we will probably do some of those
cal culations with a Iinked TRACE part, so we can get
the 3-D core neutronics effects into TRACE al so.

M5. CUBBAGE: Virgil, she'strying to get
you to use your mc.

MR, SCHROCK: Excuse ne. How nuch do you
know about this new reactor core? | nmean, when we
were | ooking at the uprates, we |learned a | ot about
the -- were exposed to a |l ot of information about the
non-uni form - -

MR LANDRY: Six parameters for us, so
that we can do a 3-D neutronics calculation that is
nore representative of this core. If you renenber

when we did the AOO review on TRACG we did a | ot of
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cal cul ati ons | ooking at the neutronics of the TRACG
nodel versus the neutronic feedback, or neutronic
response running TRACB with NESTLE and with PARCS.
And we feel very strongly that the response to a
nunber of the AOCGCs is highly dependent upon the core
design. And we cannot do that with a core that is not
the right core.

The present core is not the core going in
this plant, and we will not do cal cul ati ons and spend
our noney and waste our tinme when we don't have the
ri ght fuel design.

Thisistheresult -- yousawresults from
General Electric of GOCS LOCA earlier. This is what
they -- this is something that they did not show you.
These are results from our cal cul ations, their code
their input deck, running under the sanme operating
system sane cl ass of conputer, so the results should
be -- they should be getting these results.

I f you | ook at the GDCS pool, if you | ook
at the wet well, if you look at the difference in
pressures between the air spaces, this is a question

t hat Grahamasked earlier. You have an ai rspace above

the GDCS pool, you have an airspace above the
suppression pool. They're connected by three pipes
that are half a neter in dianmeter. Wy are those
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pressures different? W look at that and start
scratching our head. These are fairly new results.
W' re scratching our head | ooking at it and thinking
first, well, maybe it's a numeric problem And then
we started | ooking at it nore and sayi ng no, we don't
think it's a numeric problem W think it's a |ousy
nodel i ng probl em W think it's a very poor
normal i zati on probl em If we Jlook at the
nornmal i zati on, what we seeis inthe GDCS, if you | ook
at Chester's figures on his page 5, the GDCS airspace
pressure is not the airspace pressure. It's the
center of the cell pressure. It's the pressure of the
air plus half of the waterhead. Waterhead gives you
pressure of half a PSI per foot.

You start measuring three, four, five
feet, you start changi ng your pressure by quite a bit.
This problemis what happens if you don't nodalize
correctly, and don't pay attentionto the nodalization
of your plant. Those two vol unes should not be at
di fferent pressures with three pipes that are half a
neter in dianeter connecting them

CHAl RVAN WALLI S: The code is putting
water in there where there is no water?

MR. LANDRY: No. The code is neasuring

what i s supposed to be the air -- what i s bei ng out put
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as the airspace pressure, is not the airspace
pressure. It's the airspace pressure, plus the
pressure head fromhalf of the water that's in that
vol une.

CHAI RVAN WALLI'S: Wl |, why woul d you add
t hat water pressure?

MR, LANDRY: Because that's where the
pressure is being taken at the center of the cell.
The center of the other cell has no water in it.

CHAl RVAN WALLI'S: It's just not physical.

MR.  LANDRY: Ri ght. That's what |'m
saying, it's not nodalized correctly, so this is --

MR FORD: Have these differences been
di scussed with GE, and they're just a question of
different analysis of this, or difference in
comuni cati ons?

MR. LANDRY: They didn't say anything
about this to us, and this -- we were |l ooking at this
and trying to figure out what's going on. This is
just in the last couple of days that we've been
| ooking at it, and putting together what we see goi ng
on.

MR FORD: Well, it's really not fair to
casti gate themwhen they haven't given areply to you.

MR LU Initially -- we have been
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corresponding to GEregarding this, and the real issue
here is, we were trying to see whether it
conservatively predi cted t he nass, t he non-condensi bl e
mass above the GDCS pool, see whether it would give
t he conservative water |level at the end of the GDCS
LOCA.

CHAI RVAN WALLI' S:  Anyway, what this shows
is that when you run their code, you can find things
whi ch you have to question

MR. LANDRY: That's correct.

CHAl RVAN WALLIS: All right. And this was
an exanpl e of that.

MR. LANDRY: That's correct.

CHAI RVAN WALLI S: It doesn't show that
this issue has been resolved in any way.

MR, LANDRY: Right.

CHAl RVAN WALLI S: It's an exanpl e of what
can happen.

MR.  LANDRY: This just adds further
support to the staff's view that we have to have the
code and t he i nput nodel s of applicants so that we can
do our own confirmatory cal cul ati ons, we can do our
own investigations. | f by doing our own
i nvestigations we're abl e to pl ot sone paraneters that

we weren't seeing in the submttal, when we plotted
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sone of these paraneters, we said what's going on
here? W don't understand this. Soit's just further
support for the position of staff that we need the
codes, and we need the nodels so that we can do our
own studi es.

MR. BANERJEE: Is that little blip a
vacuum br eaker ?

MR. LANDRY: | don't know what that is at
this point. This little spot, I'mnot sure at this
point. W haven't gone that far. It would not be
changes nmade in the design that woul d chall enge the
capability of the code.

MR. POAERS: A change in the core height
by a foot represent a pretty dramatic change?

MR. LANDRY: Only if there are features in
the fuel design that were not nodeled in the fuel
design capability of the code. If you had a core
nodel that could not handle water rise for sone
reason, and you designed fuel -- and you put fuel in
that had water rise, could you nodel that? O could
you fix the nodel so that it woul d? The hei ght al one,
| would not see how height alone would call it into
guestion, wunless there was sonething extrenely
restrictive in the neutronic capability of the code

that it could not handl e that change in neutronics.
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Does that answer your question, Dana? Thank you.
CHAl RMVAN  WALLI S: This is a very
restrictive thing. W heard this big presentation
t hi s nor ni ng about how wonderful this reactor was, and
that's irrelevant. Everything that we're | ooking at,
you' re | ooki ng at here i s whet her on TRACGi s adequat e
for analyzing this sort of a system This has nothing
to do with how good a design it may be, and all those
things we heard about this norning. Simply the
adequacy of the code which is being assessed here.
MR. LANDRY: That's correct, Graham And
that's why | tried to say that this is such a very
focused review, because it is very focused. It's
focused very strictly on the code applicability.
CHAI RVAN WALLI'S: Do you | ook at things
like this Ontario Hydro Test, and nmke your own
assessnent of it?
MR. LANDRY: We're |ooking at the --
CHAl RVAN WALLI'S: Al these other tests?
MR.  LANDRY: W're |looking at the
assessnent. We don't have the Ontario data, but we're
going to try to get that data too, to look at it
our sel ves.
M5. CUBBAGE: Ckay. Mihhamad.

CHAIl RVAN WALLI S: well, from ny own
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perspective, | haven't had tine to look at this
extensi ve docunentation you referred to, Ralph. |'m
just alittle nervous about what I may find when | do.

MR POAERS: Don't |look at it then.

CHAI RMVAN  WALLI S: See, that's the
traditional advice from the nore experience ACRS
Menmber than | am

MR. POAERS: No, | make that no claimas
good advice to you. | only say that that will ease
your fears.

CHAI RVAN WALLI S:  You' re being faceti ous,
|t hink.

MR. RAZZAQUE: The teamthat is involving
the review of the Tab D testing and scaling are
nmysel f, Andre Drozd of NRR, and fromresearch side we
have Ji m Han, David Bessette, and supporting is |SL.

This slide | basically identified sone of
the -- we identified sone of the significant RAIs that
we have issued so far. Again, the nunber of RAIs are
large, and it ranges from sinple typo to sone
significant issues regarding scaling and testing. W
may sent some of the RAIs in detail, but this is
basically in the brief title sort of thing. So I'l
just quickly go over them unless you have sone nore

qguestion, and el aborate any of those.
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The first one is obviously one question
rai sed during the neeting, was about scaling. The
hi gher tier, two-tier scaling nethodol ogy which was
used for the scaling analysis requires that you use
both the top down and the bottom up approach. CE's
report heavily relied on the top down approach, but
very little on the bottomup, so that's the purpose of
t hat question. The particular quantitative bottomup
anal ysis --

MR,  SCHROCK: Well, they offered sone
prelimnpnary, at least, reaction to that. Wre you
here? Did you hear what they said?

MR. RAZZAQUE: Yes. Yes, | did.

MR SCHROCK: And that isn't sufficient?

MR, RAZZAQUE: We'll have to -- actually,
| haven't seen the information that's given on SBWR
report. In the SBWR report, it was alnost
non-exi stent, but | wll have to go and review the
ESBWR porti on and make sure that we are satisfied with
it. But primarily, the question was that they're
heavily relying onthe quantitative top down approach,
very little on the bottom up approach. That's
basically a different side. It nmay be adequate, maybe
the case can remain, but that was one question.

CHAI RVAN WALLI'S: Did you have an RAI on
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this assunption that any doubts of LGis the same in
t he nodel and the prototype?

MR RAZZAQUE: \ich --

CHAI RMAN WALLI S: It seemed to be an
assertion with no basis in the scaling?

MR, RAZZAQUE: Wi ch?

CHAI RVAN WALLI S: In the condensation
phase change. They had sone assertion that NLG the
phase change per unit area was the sane in the node
and the prototype, and therefore, to get the sane
mass, you had to have to scale the areas in sone sort
of way to get the flow rates right. There doesn't
seem to be any basis for this assertion that the
condensation rate was the sane in the nodel and the
pr ot ot ype.

MR. RAZZAQUE: You're tal king about the
PCCS?

CHAI RMVAN WALLIS: | was talking -- just
the top down scaling.

MR RAZZAQUE: Oh,

CHAl RVAN WALLI'S:  That seened to be --
otherwise, it seened very sinple. | nean, it seens
that the lengths have to be the sanme and various
things. And this assertion out of the blue, that the

rate of phase change, the phase change flux was the
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same in both systens. \What justification is that?
" mjust wondering if you have an RAI on that issue,
that's all.

MR. RAZZAQUE: 1'Il have to go and check.
| didn'"t -- | just picked a few for presentation
"1l have to double check that. And naybe we have an
RAI on that. That's alnpbst a bottom up

CHAI RMAN WALLIS: It is, yeah

MR. RAZZAQUE: Rat her than a top down
i Ssue.

CHAI RVAN WALLI S: What ' s t he
justification?

MR, RAZZAQUE: Also, | think as part of
the -- part of the RAl indicates that |inking sone of
t he phenonena t hat has been i dentified fromthe bottom
up and top down to the part, that |link should al so be
made nore thoroughly.

The next one was the Pl-Goups which is
the groups for the three test facilities. GE has
reliedonthesetest facilities to qualify TRACG code.
They have i ndicated that. The boron mxingis for the
ATW5, and the criterion for the stability test. They
have indicated that they used those facility data to
qual i fy TRACG

Now in the scaling report, or any other
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reports that we're reviewing, | haven't seen any
conpari son of ESBWR versus these facilities scaling
groups, to nake sure that these facilities truly can
represent the ESBWR design. In other words, can be
scal ed out, so that's another RAI. So they will have
to provide that information.

| npact of potential distortionbiasdueto
heat loss. That's another question | think raised
sonmetime during the discussion, the heat |oss. And
that RAI is out, and particularly in GRAFFE facility
| think it should be nore significant conpared to
other facilities, because some of the G RAFFE t est was
done at operating tenperature and pressure, whereas
t he vessel wall is thinner, so nore heat | oss. But as
Bob Ganbl e has indicated, they have done sonething
about that in putting mcro heaters to offset that.
So those kind of descriptions have to be provided to
justify that measure taken to offset the distortion.

The | ast one on this bullet here on this
slide also is another test distortion-related RAI
which is relatively mnor as ny understanding i s, but
still it"'s adistortion. And the PANDA and PANTHER s
condensers that they have used are full scale, but the
nunber of condensers they used are fewer; therefore,

the head area is smaller in the test.
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Now when you scal e that up, the surfaceto
volunme ratio would be less in the ESBWR, therefore,
| ess heat |oss through the headers. So it will have
sone inpact on the containnent pressure. And the
report mentioned that, but didn't quantify it, so we
wanted themto quantify that just to make sure.

MR. BANERJEE: That's for PANDA. Right?

MR,  RAZZAQUE: That's for PANDA and
PANTHER.

MR. BANERJEE: PANTHER is a stand-al one
system full scale, isn't it?

MR,  RAZZAQUE: Yes. Bot h PANDA and

PANTHER s condensers are full scale. But sinceit is

MR. BANERJEE: PANDA is a slice, soit has
end wal | s on t he headers whi ch are potentially sources
of heat | oss.

MR. RAZZAQUE: Right. Right.

MR. BANERJEE: PANTHER is a stand-al one
facility just to |look at the heat transfer. So how
does that affect --

MR, RAZZAQUE: What |' mbasically tal king
about is that when they were testing the condensers,
t he heat renoval capability of the PCCS condensers,

they have a header, common header. In the test
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facility, the header volune is snmall er conpared to the
ESBWR header, because the power is |ess.

MR. BANERJEE: Certainly, for PANDA. But
for PANTHER, | thought it was just a full scale --
maybe for the SBWR it was full scale.

MR RAZZAQUE: For ESBWR, yeah, it is.

MR. BANERJEE: SBWR

MR RAZZAQUE: SBWR maybe it is full
scal e, but for ESBWR --

MR. BANERJEE: It's only a 25 percent
di fference.

MR. RAZZAQUE: Yeah. The power is
definitely much | ess than t he SBWR power, so they used
three wall condenser

MR. BANERIJEE: Sur e. Yeah, but poor
condenser -- | don't get the point about the PANTHER
| get the point about the PANDA.

MR, RAZZAQUE: (kay.

MR.  BANERJEE: | don't know what the
guestion is there, actually, regardi ng PANTHER

MR,  RAZZAQUE: Ckay. They basically
shoul d be t he sane question. Maybe it applies nore to
t he PANDA, but the whole idea was the header being
small in the test conpared to the ESBWR W have a

scal ing of the header, not the condenser.
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MR SCHROCK: PANTHER was a full scale --

MR, RAZZAQUE: Full scale system

MR.  SCHROCK: -- condenser typical of
SBWR.

MR. RAZZAQUE: Right. But | think the
nunber of condensers used was fewer in the test
facility than the ESBWR to renove the same amount of
-- the higher anobunt of power that ESBWR has.

MR SCHROCK: Is that right?

MR,  RAZZAQUE: Isn't it? That's ny
under st andi ng.

MR BANERJEE: It's slightly bigger.

MR, GAMBLE: [It's a conponents test.

MR RAZZAQUE: Yes, you have --

MR. GAMBLE: The header is 35 percent
shorter than the ESBWR

MR, RAZZAQUE: Yes, that's nore likely.

MR. GAMBLE: It's primarily a PANDA i ssue.

MR, RAZZAQUE: Okay. This nore appliesto
PANDA i ssue. Okay. So that's basically the question.
When you scale the header up, you have -- but
di scussion with GE on that, the inpact should be 5to
10 percent on the peak cladding, and that was their
rough estimate off-hand, so it shouldn't be a big

effect.
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The heat in the containnment, that's the
ot her distortion question that we have, is none of the
testing that was done, the sole heat in the
cont ai nnent was consi dered, and what inpact it has on
t he cont ai nnent paraneters.

Intuitively, of course, it will have sone
non-conservative effect on the short term in the
contai nnent pressure. Andinthelongterm it's not
very clear which direction it's going to affect,
conservati ve or non-conservative, sowe wanted t hemto
have sone di scussi on and assessnent on that, effect of
stored heat in containment structure on the
cont ai nnent paraneters, particularly the contai nnment
pressure.

The next RAI is reactor pressure vesse
cont ai nnent and dynami c interaction. W knowthat's
the caseinreal situationinany transient accidents.
Wiereas the scaling groups, the scaling nunbers, the
Pl nunbers, those were derived based on a single
differential equation, first order differential
equation in time. And the question we're asking is
did you |l ook at the system of equation, a couple of
system of equations in deriving the scaling groups
fromthat, and see howthat affects. The case nmay be

made that a sinplifying assunption is valid, but it
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wasn't made. The case wasn't made, so that's the
ot her questi on.

I n vessel nature of circulation effect on
flashing. Flashing was found out to be a significant
phenonenon in the reactor pressure vessel, not
particularly an effect on the water |evel. What
i mpact natural circulation wthin the vessel heads on
t hat particul ar phenonenon? That's the question, and
Ri dge Scal i ng G- oup represented that i n-vessel natural
circulation. That was m ssing again, so we wanted to
have sone under st andi ng whi ch scal i ng group represent
t hat natural circulationwthinvessel, andits inpact
on flashing, because flashing is an inportant
phenomenon. Maybe it can be ignored, but it wasn't --
t he case wasn't nmade.

Now i n di mensi onal groups criteria range,
this had to do with the PlI-Goup nunbers. The
Pl -G oup that has been derived for the test in the
ESBWR has been conpared in the table. And as |ong as
those Pl-Goups are within one part to three, it was
consi dered acceptable. But the range -- the criteria
t hey used, CE used to be acceptable is as long as the
Pl - Group nunbers are within one part to three, but no
basi s provided where that criteria came from where

that range cane from one third to three. How do you
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know this is acceptabl e?

MR. KRESS: Traditionally, we've been
using .5 to 2.

MR. RAZZAQUE: Five to two?

MR KRESS: Point five to two.

MR. RAZZAQUE: Point five to two.

MR. KRESS: W didn't bless that. Ve

guestion that.

PARTI Cl PANT: | don't think they had a
basis --

MR. KRESS: No, there was no basis for it.
It's just -- intuition was the basis.

MR.  PO/NERS: AP1000 establishes a
tradition.

MR. BANERJEE: Well, nost of the scaling
studies end up showing there's only one or two
Pl - G oups which are of any inportance anyway.

MR, RAZZAQUE: In which case?

MR. BANERJEE: In any case, so if those
are such that the response of the systemis simlar,
and you can probably do that on the back of an
envel ope, then that's probably good enough. The rest
of it doesn't really matter.

MR. RAZZAQUE: Yeah. Particularly, the

Pl - Groups which inpact the figure nerit. | mean,
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t here shoul d be sone |ink that how t he change of the
Pl - Group i npact the figure of nerit, which supposedly
the --

MR KRESS: That's the right idea.

MR. RAZZAQUE: Right. And there should be
some - -

MR. BANERJEE: There are very few which
do, in fact.

MR. RAZZAQUE: Maybe very few, but at
| east very few those should be done. That way it
gives sonme confort level that you didn't just take
from air, and there's sone |link with the scaling
group, with the code qual ability. That's the argunent
obj ecti ve.

MR. KRESS: We thought you could actually
do themanal ytically, just vary the paraneter and see
what it does.

MR. BANERJEE: 1In fact, that was what was
done for AP600.

MR. RAZZAQUE: | wasn't involved wth
AP600. | don't know what the response was.

MR.  BANERJEE: Solution to the |unp
par anet er equati ons.

MR,  RAZZAQUE: kay. But it my be

possi bl e to do sonme |i nkage with key scaling group to
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the -- maybe here it's the water | evel we're tal king
about .

CHAIl RVAN WALLI S: Wl |, you can al ways run
TRACG wi th t he nodel .

MR, RAZZAQUE: So we'll have to see how - -
what GE responds to that.

CHAI RVAN WALLI S: And then you can do
tests with paraneters. You can say okay, let's run
TRACG with the real scaling, and then let's run it
with the actual nodel scaling and see if it's

sensitive to --

MR. RAZZAQUE: That'sright. | mean, it's
possible -- it's not that you have to just intuitive,
or wthout any basis. | think there can be sone

cal cul ati on done if one wants to, about how i nport ant
it is, and maybe it should be inportant at |east for
doi ng one or two.

MR. BANERIJEE: But if they reduced the
mast er equation to one, they seemto be going in the
right direction. They just have to justify that and
show whi chever is the appropriate scaling group, and
that's it.

MR RAZZAQUE: That's basically what we're
sayi ng. Maybe, as | say, the sinplifying assunption

may be valid, but the case wasn't nade.
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CHAI RVAN WALLIS: Right. So they have to

show t hat .

MR RAZZAQUE: They have to show that.

CHAI RVAN WALLI S:  Yeah.

MR RAZZAQUE: Exactly. The last bullet
thereisreallyregardingthe quality assurance of the
tests, whether the tests neet Appendix B Quality
Assurance that NRC has. Primarily, the test which
they have saved, they are using for confirmtory
purposes. There are a few tests - | have the nane
her e. One is PANDA P, another is SIRIUS, at the
facility in Japan. Those test data are being used for
confirmatory in nature. That's what the termappears
inthereport, "confirmatory i n nature". Wat exactly
t hat neans? What the confirmatory in nature
enconpasses? And if you're relying on that data to
qualify the code, TRACG code, or certify the design,
it should neet all the Appendi x B requirenents. What
you call it, confirmatory in nature or not. Sothat's
t hat questi on. That's basically, as far as the
scaling and the | ast bullet was not quite scaling. It
was nore of an Appendi x B questi on.

These pages here regarding the Tab D and
PARC questions. The first one is TRACG anal ysis for

t he bottomdrain |ine break. They have provi ded main
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steaml i ne break. They have al so provided the gravity
driven line break. As far as the bottomdrain |ine
break, what we're interestedis in nore detail, |ong-
term contai nment paraneters. That's what was, |
t hi nk, m ssing.

The next bullet is TRACG conparison with
PANDA PCS data. That conpari son was gi ven, but nostly
for the containnent paraneters, not for the reactor
pressure vessel paraneters, |ike pressure and the
water | evel. So we want to see that conparison, TRACG
conparison with PANDA P reactor vessel paraneter
i nformation, pressure and water |evel.

MR. BANERJEE: But they didn't have nuch
of a reactor vessel. Right? In PANDA, they had a
l[ittle thing just generating some steam It wasn't a
typi cal reactor.

MR, RAZZAQUE: Yeah. Maybe they can
provide the pressure. | don't know.

MR. BANERJEE: It was -- if you | ook, they
chopped it at the bottom Right?

MR. RAZZAQUE: The aut hor of the RAl, Dr.
Han -- Jim could you help me out on that, what
exactly you want.

MR. HAN. Ckay. Basically, as you know,

the PANDA P series tests are the only tests that half
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t he ESBWR confi guration, so those tests are inportant
to us. Wien GE conpare the certain paraneters in
their report, the conparison is only limted to
cont ai nnent paraneters, such as drywell or wetwell

pressure. W would like to see in addition to those

paraneters, |ike reactor pressure vessel pressure and
wat er |evel. PANDA does have a reactor pressure
vessel .

MR. BANERJEE: But it's short, right?

MR HAN:  Short, doesn't matter. We'd
like to know the pressure. We'd like to know the
water level. And in addition to that, we also would

like to see the conparison on suppression pool water

| evel .

MR.  BANERIJEE: Ri ght. The reactor
pressure vessel is totally atypical. It has very
little -- | nean, it's just a generator.

MR, HAN. Wl --

MR. BANERJEE: | may be wrong, but perhaps
General Electric could answer whether -- | thought it

was chopped off at the bottom

MR HAN: It's chopped off only at the
bott om

MR. BANERJEE: Ri ght. George Adagar ammeu

did these tests of PANDA, and he showed ne this
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facility, and it was just a little thing.

MR. RAO. The reactor part -- the vesse
part i s not representative. He didn't think there was
any neani ngful data to be obtained fromthe reactor
vessel. It's basically a containnent test.

MR. HAN. Well, how about the pressure,
for exanple, because you have to know the reactor
system pressure, what is the driving force? Wich
right -- as you said, right on the wetwell pressure,
we would Iike to see the difference.

MR RAO It's starting at very |ow
pressure.

MR. HAN: | know, but we would Ii ke to see
the difference between the reactor pressure vessel
pressure --

MR. RAO Ckay. Al right. | nean, we
can provide the data. It's not clear to us why, but
if that's what you want, we can provide it.

MR, RAZZAQUE: Ckay. The next RAI is on
t he TRACG agreenment conparison with G ST data. The
question is basically, the result has been provided,
and the result shows that the nore recent version of
TRACG agrees nmuch better with G ST data than t he ol der
version of the TRACG And the question is, what are

the di fference -- what change is there, nodel change,
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or nmodem change or what? We just want to understand
that. That is the other question.

The |ast one there is a conparison of
important RPV and containment paraneters for
counterpart integral test. There are several
counterpart tests that was done, PANDA M 3, PANDA P- 2,
and G RAFFE H 1, and we want to have a conpari son of
t hese tests, because these are integral tests and how
to conpare each ot her woul d be of hel p because of the
different scale size. Sothat's the other information
that we requested from GE

CHAI RVAN WALLI S: Now you have sone
concl usi ons here.

MR. RAZZAQUE: That's the |ast section,
and --

CHAI RVAN WALLI'S: | think we can probably
read those. What | want to know is, you' ve sent out
a huge nunber of RAIs. And have you gotten responses
to these RAIs?

MR RAZZAQUE: No.

CHAl RVAN WALLIS: So all this is out there
wai ting for response.

M5. CUBBAGE: In a nunber of cases, we
have di scussed the questions with GE and we haven't

recei ved answers in letter form
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CHAI RVAN  WALLI S: And you're still

reviewi ng test reports. You' re going to run your own
runs on TRACG and so on, so at the nonment, we have no
i dea what are going to turn out to be maj or issues, if
any. W have no idea. It's far too prelimnary to
sort of say you have identified certain key issues.

M5. CUBBAGE: That's right.

MR, RAZZAQUE: | would think the issues
can be in the testing area, scaling-testing area or
t he TRACG

CHAI RVAN WALLI'S: But it seenms to be too
early for the ACRS to focus on anyt hi ng.

MR. RAZZAQUE: Anyt hing, including the
t esting.

CHAI RVAN WALLIS: Al we get is a general
i npression of activity.

MR. RAZZAQUE: That's true. And one of --
ny understanding i s, one of the end product that GEis
interested from NRC, end- product after the
pre-application is not just the code -- approval of
t he TRACG code, they also want that we tell that no
nore testing is needed. Correct?

V5. CUBBAGE: Basically, it would be a
determ nation onthe acceptability of the test program

for certification.
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MR. RAZZAQUE: So that would be the

outcome of the testing review, scaling testing, that
those were done adequately and no nore tests are
needed. So it's too early to say -- cone to that
conclusion, that's for sure. Absol utel y. That's
basically it.

M5. CUBBAGE: If there are no nore
guestions, we can nove on to the Ofice of Research.

CHAl RVAN WALLI'S:  What | |earned from GE
was that they seem to have a |lot of stuff. And
probably they have enough stuff for youtoreviewit.
There' s enough stuff there, enough substancethat it's
wort hy of review.

MR, RAZZAQUE: Right. Wen the responses
come - -

CHAI RVAN WALLI S: | have no i npressi on yet
fromyour work whether or not it's good stuff, and
adequat e stuff.

MR. RAZZAQUE: At this stage, it is the
guesti ons we have rai sed.

CHAI RVAN WALLIS: All right.

MR, RAZZAQUE: Until we hear responses
fromthem | don't think we made any concl usion at
this point.

CHAl RVAN WALLI S:  Ckay.
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MR. BANERJEE: Have you identified any

maj or hole inthe testing or tests at the nonent, just
| ooki ng at this huge anpbunt of stuff which is around,
is there anything that you think --

MR RAZZAQUE: My gut feeling is no.
Basi cal ly, probably you're asking for gut feeling.

MR. BANERJEE: Cut feeling, yeah. That's

MR RAZZAQUE: No.

CHAl RVAN WALLI'S:  So you go through the
notions of hundreds of RAls, and there's nothing
substantial in it?

MR,  RAZZAQUE: Yeah, we haven't gone
t hrough it. Yeah, we haven't gone through those
i nf ormati on. First of all, the information is not
back yet. The question is just going out. Tonorrow
we' re goi ng to spend goi ng t hrough t hese RAl's, whet her
t hey understand what we are asking for.

CHAI RMAN WALLI S: | just wonder if the
RAIs aren't becom ng too trivialized. Real |y, you
ought to be able to focus on sonme things that really
matter. You' ve got hundreds of them How do we know
whi ch of themmatter? How do they know whi ch of them
matter? Maybe there needs to be a prioritization or

somet hi ng of these RAISs.
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MR. RAZZAQUE: We write significant RAlS.

We do sone prioritization.

M5. CUBBAGE: Well, | thinktoday Muhhamad
has tried to highlight some of the nore significant in
his m nd questions.

MR, RAZZAQUE: Yeah.

M5. CUBBACE: And, you know, | don't think
he's trying to say that GEwon't be able to respond to
t hese questions. W just haven't been able to review
the responses at this tinme.

MR RAZZAQUE: Right. But sake of
conpl et eness, at | east, they have to respond to these
ki nd of questions. As | said, fromthe up front, it
| ooks |li ke there is no najor holes or gaps, unless the
response we get is conpletely out of the way and t hat
we didn't expect.

CHAI RVAN WALLI S:  Ckay.

M5. CUBBAGE: Ckay?

CHAI RMVAN WALLI'S:  Move on.

M5. CUBBACGE: Joe.

CHAI RMAN WALLI S:  Thank you very mnuch.

MR. STAUDEMEI ER: |' mJoe St audenei er from
the Ofice of Research. |'"'m going to give you an
overview of the things we're working on in Research

related to ESBWR
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The focus of our Confirmatory Research
Programis to provide assessed independent analysis
tools to NRR to support the ESBWR design
certification, and primarily, its codes that we're
going to be providing to NRRthat'll be qualified to
work and analyze ESBWR We're also providing
assistance to NRR for the ESBWR pre- application
reviewin support of the code, and testing and scal i ng
revi ew.

Ri ght now in the pre-application stage,
we're providing support and review ng the scaling
testing and TAPD PARC docunents. Many of the RAl's
have come fromthe O fice of Research reviewers, and
we're also denmonstrating a proof of principle on
devel opi ng a coupling between TRACE and CONTAIN, so
that they can anal yze some ESBWR acci dent scenari os.

MR. KRESS: Does CE have to pay for that,
or is that sonmething that --

MR STAUDEMEI ER: No, that infrastructure,
consi dered infrastructure work. They have to pay for
the revi ewof the docunents. We're acting essentially
like a contractor, and that's directly fee bill able,
but code development is considered infrastructure
wor K.

The work that will apply to the design
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certification stage is some TRACE code devel opnent
that I'lIl go over onlater slides. Code assessnent to
show that it's applicable to the accidents that they
want to use it for.

W're going to do a -- right now,
actually, we're doing a PUVA ESBWR Scaling Study,
which will ook at how wel|l PUMVA can seemingly -- or
how well PUMA is as a scale facility for ESBWR
testing. W're going to be doing sonme PUMA testing
and sone --

CHAI RVAN WALLI S: All this is in the
future, and we have not -- you have not yet done the
PUVA Scal i ng study?

MR STAUDEMEI ER°  That's going on right
NOW.

CHAI RVAN WALLI S: Have not yet shown t hat
PUVA is a suitable facility for doing this testing,
have not done any testing. So all this is sort of way
in the future.

MR. STAUDEMEI ER: Not too far off in the
future.

CHAI RVAN WALLIS: But it may turn out to
be not a very good idea to do testing at PUVA

MR,  STAUDEMEI ER: And if we -- if the

scal ing study says that, that its either not a good
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i dea, or that area extensive nodifications are made,
what we'll have to do is look at the results of the
scal i ng study.

CHAl RVAN WALLI S: Are you doing these
tests because you think the GE tests are i nadequate?
If the PUVA test is a poor version of a CGE test,
there's no sense in doing it, is there? If it's a
better test in sonme way --

MR. STAUDEMEI ER. | nean, we believeit's
a better test in several ways, but --

CHAI RVAN WALLI' S:  So you' re going to show
that, or you expect to be able to show that.

MR. STAUDEMEI ER: We expect to be able to
show that, and it al so gi ves us sone i ndependent data
of the code assessnent.

MR. BANERJEE: Were you involved in the
PANDA data? | mean, was NRC a participant in those
tests?

MR, STAUDEMElI ER:  No.

CHAI RVAN WALLI S: | thought they saidthat
you were.

M5. CUBBAGE: In a reviewer standpoint,
not as a participant.

MR. STAUDEMEI ER:  Yeah. Previ ous PANDA

tests, | think there were NRC observers at sone of the
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tests, and | think they reviewed the QA Program and
probably provided RAIs on the test, but | wasn't
involved in review ng the PANDA tests back then, so
' mnot sure what the total involvenent was.

MR. RAC Yes. The NRC al so partici pated
in applying test matrix, and review ng the test, and
provi di ng oversi ght.

MR. BANERJEE: That was in the Mseries.
Right? Aso, in the P-Series?

MR. STAUDEMEIER: Only M Seri es.

MR. BANERJEE: Only M Seri es.

MR STAUDEMEI ER  Yeah. P-Series cane
after the SBWR review.

CHAl RVAN WALLI S: PUVA doesn't satisfy the
scaling criteria set out by GE, does it?

MR STAUDEMEIER | don't know what --

CHAl RVAN WALLI'S: | don't think it does.
When they say you ve got to duplicate |inks and
things, and | don't think it duplicates |links very
wel | .

MR. STAUDEMEIER  Well, it's not a full
high scale facility. Yeah, that's --

CHAI RMAN WALLI'S: So you're not going to
be well scaled according to their PI-G oups.

MR,  STAUDEMEI ER: Wll, | don't think
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scaling -- | don't think only full height facilities
can be well scaled facilities. It depends on what
phenonmena you' re | ooking at. And, for instance, PUVA,
since it's quarter height and twi ce the power, tine
runs twi ce as fast in PUVA

CHAl RMVAN  WALLI S: Particularly for
gravi tational driven things. You need to -- usually
you need to have the right height.

MR. KRESS:. |It's height versus --

CHAl RVAN WALLI S:  Hei ght ver sus resi stance
and everyt hing, and scaling sort of drives youto full
hei ght .

MR. STAUDEMEI ER Well, if you want tine
preserved it's full height.

MR. BANERJEE: Well, it's a nmgjor problem
and you'd have to justify a reduced height facility
very, very carefully.

MR STAUDEMEI ER: Thi ngs beconme nore
sensitive because DPs becone scaled by DP over 4,
essentially.

MR. BANERJEE: It's hell, actually. So
we'll see this --

MR. STAUDEMEIER: It's been done before.
OSU was a problemthat was sensitive |like that.

MR. BANERJEE: It's very sensitive, and
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for a large nunber of the tests, they're not very
usef ul . I mean, for long term cooling, it's a
different matter. This was shown in the AP600 st udy,
as well. It's docunented.

MR. STAUDEMEI ER:  But you'll have access
to the scaling study, and access to a presentation on
it inthe future, if you want to.

MR. SCHROCK: What is the status of your
docunent ati on on TRACE?

MR. STAUDEMEI ER:  TRACE documentation is
still in draft. | think everything is still pretty
much in draft form It's fairly conplete because it's
based mainly on TRAC docunentati on. Some of the
things aren't docunmented at all, |ike features that

have been added to be abl e to run RELAP decks, and t he

code architecture isn't fully docunented. The
progranmmrer’'s manual isn't current. But in ternms of
t heory manual, |ike nodels and correlations, that's
fairly accurate. I nput manual is accurate, even

though it's in draft form

MR. SCHROCK: | can remenber four or five
years ago, discussions devel oping on TRACM and the
advi ce given would be useful if ACRS could see sone
docunentation on what's happening here, so it can

advise while it's happening, rather than when it's
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acconpl i shed. Then we got a batch of docunentation
that | ook I'i ke recycl ed dose el enents reports. That's
all I"ve ever seen. 1Is there nore than that?

MR. STAUDEMEI ER: There is sonme fresh
docunentation. |1'd say alot of it is still based on
Los Al anps reports, but I think you' re probably going
to be getting to review that sonetinme in the near
future, the docunentation. ['"'m not sure what the
| at est scheduleistofinalize docunentation, but it's
certainly not before the end of this year.

CHAI RVAN WALLIS: So this is not a fee
billable thing. This whole PUMA thing is public
noney.

MR. STAUDEMEIER: Yes. And | think the
di stinction that makes it fee billable or not is if
NRR sai d they needed this test facility tocertify the
ESBWR design, it woul d be fee billable, but that's not
t he case.

CHAI RVAN WALLIS: |I'mjust wondering if
this is a well thought out thing to do, to run PUVA
| don't know, because we haven't had a chance to
reviewit. | just wonder if at this stage it's the
right thing to do. There's all this other data out
there that GE has taken. | would think you d want to

get the nost out of that first, and see if there are
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any gaps init. Is PUMATfilling sonme identified gaps
in the database?

MR. STAUDEMEIER: | don't think there's
been enough review of all the data yet to determ ne
that. There are sone prelimnary tests --

CHAl RVAN WALLI S: Maybe it's an attenpt to
keep PUMA alive sonehow.

MR. STAUDEMEIER |'m not the person to
ask that.

CHAl RVAN WALLI'S:  Maybe in our research
report we can |ook at this carefully.

MR. STAUDEMEIER  That's, | guess -- it
may be sonmething you want to review, is the PUVA
program and what it is.

CHAI RVAN WALLI'S: | just don't want us to
have to come down in a negative way about it. 1 just
want to be sure that you know what you're doing.
don't want to be negative about it, after we' ve had
enough to know, because at the nmoment, | just feel
uncertain.

MR STAUDEMEI ER: Ckay. well, 1"l go
over a little bit about prelimnary testing program
and the scaling that's going on.

CHAI RVAN WALLI'S: | don't knowif you need

to do it now, but maybe -- go ahead. |'msorry.
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MR. STAUDEMEI ER:  And we're starting up

sonme work on severe accident analysis. Ri ght now
we' re just | ooking at devel opi ng MELCOR i nput and t he
actual analysis won't come for quite a while.

Ckay. Right nowwe're providing technical
assi stance and review of the scaling testing in PIRT
reports, and eventually we'l| be providing atechni cal
eval uation report on the docunents that NRR wi |l use
in their safety eval uation.

CHAl RVAN  WALLI S: This is all just
begi nni ng too?

MR. STAUDEMEI ER. Actual ly, it began afew
nonths ago. The RAIs are the first product of the
revi ew.

CHAI RVAN WALLIS: So ISL has identified
some things that are worth follow ng up?

MR STAUDEMEI ER: The ISL which is --
Marcos Ortiz is the person from ISL review ng the
information. Marino Di Marzo from Research, Jim Han
fromResearch, and Dave Bessette fromResearch has al |
contributed RAI's on those docunents. So the status of
that is RAlIs will be conpleted for testing reports in
the near future. They are already conplete for
scal ing and TAPD PI RT reports, and TERs are schedul ed

to be conpletedinthe fall, presum ng that CGE answers
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all the RAIs by then, and we cone to closure on
i ssues.

The TRACE/ CONTAIN coupling for ESBWR
cal cul ati ons, TRACE is capabl e of nodeling the ESBWR
reactor vessel and phenonena that go on in there.
It's not adequate for nodeling the ESBWR cont ai nment
because of sone reasons I'll get intoit alittle bit.

CHAl RMAN WALLI S: TRACE has not yet
nodel ed t he ESBWR vessel .

MR. STAUDEMEI ER°  There is a TRACE nodel
of the ESBWR

CHAl RVAN WALLI'S: It has run?

MR. STAUDEMEI ER: Yes. I[t"1l run to
st eady- st at e. | don't know if it's been run to
bl ow- down yet, but |I'mnot sure of the current status
of that.

CHAl RVAN WALLI S: But you're asserting
it's capable. That's a statenment of faith, isn't it?

MR. STAUDEMEI ER:  Yeah. | nean, an ESBWR
vessel will blowdown |ike a regular BWR vessel, and
| know it can do a regular BWR vessel bl ow down.

CHAI RVAN WALLIS: So it shoul d be capabl e
based on its past performance.

MR. STAUDEMEI ER.  Yes. Okay. W have

CONTAIN which is capable of nodel i ng ESBWR
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cont ai nnent, because there was sone work put into that
factor in the SBWR review to give it nodeling
capabilities for SBWR One of the things that's been
done to TRACto make it into TRACEis to build-inthis
coupling capability to other codes that we call the
exterior comunications interface. And it's a
conmuni cati ons protocol between TRACE, and you can
build it into other codes so that the other codes can
request information from  TRACE, and send i nfornmation
back to TRACE, so that they can run in a parallel
node.

And we've recently nodified CONTAIN to
support the ECI so that it ~can run coupled
calcul ations of TRACE. W'Il be nodeling the ESBWR
vessel in TRACE, and nodel the contai nnment i n CONTAI N.
There i s a CONTAI N nodel built, and the codes will run
in parallel, and conmunicate through the ECI. And
some prelimnary cal cul ati ons that are show ng proof
of principle have been run.

CHAI RMVAN WALLI S: This is reasonably
efficient and doesn't need an enor nous anount of tine
while they' re communicating to each other?

MR. STAUDEMEI ER.  The communi cation tine
is probably significant for the tine it takes for a

CONTAINtime slip. | nean, essentially you' re running
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CONTAIN for free, | think, conmpared to TRACE, the

anount of conputational tine for time steps, because
CONTAIN is just a small nunmber of coupled ODEs.
Wer eas, the TRACE nodel has nmany vol unes.

MR. POAERS: CONTAI N was going |ike a bat
out of hell conpared to TRACE.

MR. STAUDEMEI ER:  Yeah. Coupling points
and nodel i ng, but hopefully we'll get those things all
wor ked out inthe future, and we'l| get sonet hing t hat
runs reliably and stable. The tinme step control in
CONTAINis fairly primtive conpared to TRACE, and we
t hink that TRACE would be the limting tinme step in
the calculation, but it turns out CONTAIN is what's
[imting the tinme step.

MR.  BANERJEE: Is the coupling point
mai nly the break, or are there other --

MR STAUDEMEI ER: There's several coupling
points. The break is one of them SRVs going into
t he suppression pool. There's pressure coupling
points at the top of the GDCS, so there's quite a
nunber of them

kay. The TRACE code devel opnent goi ng
on, recently sone work was conpleted to add the
capability to nodel advanced BWR fuel designs to both

TRACE and PARCS. PARCS is the 3-d ki netics code that
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also runs in a coupled nmobde with TRACE for doing
coupl ed t her nohydr aul i c react or ki netics cal cul ati ons.

CHAIl RVAN  WALLI S: These are |ousy
projectory things. | mean, the corners are al nost
invisible, unless there's sonething wong with ny
eyes. | have to read the paper.

M5. CUBBAGE: | don't know if it's the
font or if it's the projector.

CHAl RVAN WALLI'S: Wl |, you've got to fix
t hat sonehow. It's gets dark and fuzzy in the
corners, and brights and shiny inthe mddle. | don't
know what it is, but it's |ousy.

MR. PONERS: Getting cranky in your old
age here?

CHAI RVAN WALLIS: I'mtrying to conpete
with my coll eague on ny left.

(Laughter.)

MR. POAERS: Don't do that. He's a past
mast er .

MR, STAUDEMEI ER: Additionally, sone
things are going to be added to TRACE in the future
that will allow it to better nodel coupled reactor
cont ai nnent probl ens, such as ESBWR. And the two nmain
tasks that should help that out is to inprove the

steamair condensati on nodel i ng for the PCCS, |ICS, and
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the --

CHAI RVAN WALLI' S:  So when i s t he NRR goi ng
to say that TRACGis okay for use with ESBWR? Isn't
it before all this has happened?

MR, STAUDEMEI ER: This isn't going to
support the --

CHAl RVAN WALLI'S:  What is it supporting?

MR STAUDEMEI ER: The design certification
revi ews.

CHAI RVAN WALLI'S: So you're | ooking way
ahead.

MR. STAUDEMEI ER:  Ri ght.

MR, LANDRY: G aham Ral ph Landry from
NRR. The TRACGreviewis going to be conpl eted before
this is done, you're correct. At least that's our
anticipation. The work that is being done wi th TRACE
is in support of the design certification of the
plant. W are doing sone cal cul ati ons usi ng CONTAI N
with TRACE currently, as part of our confirmtory
cal cul ations, but those are not what we are basing
approval of TRACG on.

CHAI RVAN WALLI S: It would be rather
enbarrassing i f you approve TRACG and t hen t hese guys
cone up with different cal culations a year from now

whi ch show that the whol e approval was in question.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

374
MR. LANDRY: That's always a possibility,

but you have to be able to, at that point, show which
code is actually correct then. And the way you do
that is by assessnent agai nst test data. I|f the code
i s assessed agai nst test data and shown to adequately
represent the test data, then it's hard to di scount
it.

MR SCHROCK: You're starting with the
assunption that one of themis correct.

(Laughter.)

MR. LANDRY: Thank you, Virgil.

CHAl RVAN WALLI S: Al so, that the test data
is correct.

MR. SCHROCK: O relevant.

CHAI RVAN WALLIS: O well scal ed.

MR. STAUDEMEI ER:  The tube condensati on
nodel is going to be based on sonme work Joe Kelly did
back for actually SBWR, that was originally going to
be i npl enent ed i nt o RELAP-5, and never got i npl enent ed
when the SBWR review was cut off, so the tube
condensation work isin a fairly advanced state, even
thoughit's just started. It's not like he's starting
fromscratch. There's been nany of the correl ations
t hat have been devel oped al ready, and just need to be

i mpl enented into the code.
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W al so need t o change t he ener gy equati on
to an enthal py-based fornulation to inprove energy
conservation and flows across junctions with |arge
pressure differences. The difference in schenme in
TRAC right now with the energy equation, the work
term PV work termis not treated very well. And
changing to the enthalpy formulation will give a
correct treatnment of that, and give the right energy
deposition into the containment. W' re keeping the
solution variables in the code the same. [It's just
changi ng the equation that's being sought.

The cont ai nent - r el at ed code nodi fi cati ons
have just started. The condensation work i s schedul ed
to be conpleted by the end of Septenmber, and the
ener gy equati on work shoul d be conpl et ed by t he end of
January next year.

MR. BANERJEE: Let nme ask you a questi on.
A lot of this chimey stuff that the way TRACG is
handling it is backing it out of the drift flux-type
formul ati on, which is what anybody would do. Howis
this handled in TRACE, the sane way?

MR, STAUDEMEI ER: Well, TRACE has a
different correlations package. It's actually --
TRACB has a correl ations package that's very simlar

to GE s.
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MR. BANERJEE: R ght.

MR. STAUDEMEI ER:  The TRACE correl ati ons
package currently is based on the TRAC correl ati ons
package, so the DRAG correlations have a different
basis. |I'mnot sure -- they not based on drift flux
correl ati ons though.

MR. BANERJEE: That's what | thought, so
how do you expect to handl e | evel swell, because it's
not easy todowth the sort of fluid nodel unless you
back it out of the drift flux correlation.

MR. STAUDEMEI ER: Vell, we'll do a code
assessnment agai nst some | evel swell experinments and
see how well it predicts it.

MR. BANERJEE: Ckay. That hasn't been
done yet.

MR. STAUDEMEI ER | think there's been
some prelimnary assessnent done. |'m not sure what
the results of that were, but that will be | ooked at
and see if it's adequate or not.

MR. BANERJEE: Right.

MR. STAUDEMEI ER: | guess one optionisto
put an option in to use the TRAC BWR correl ations
package i n TRACE

MR. BANERJEE: Right. It's notoriously

difficult toget it right if you don't back it out of
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drift flux. That's the reason they went that way.

MR. STAUDEMEI ER Well, | guess the only
data really available is steady state data, and for
that, the drift flux is just as good as --

MR. BANERJEE: Yeah, better.

MR. STAUDEMEI ER°  Okay. The TRACE code
assessnent, right here | just have docunented sone of
the ESBWR-specific tests that we're going to be
| ooking at. But in addition to that, there will be
basi c void fraction assessnent and things |ike |evel
swel | assessnent that are al so i nmportant cal cul ati ons.

For the integral tests, we're going to
| ook at PUVA and PANDA data. The PANDA series is the
| atest PANDA series, ESBWR PANDA series. We're
devel opi ng an input deck frominformation that cane
out of an international standard problem that was
performed with some of the PANDA P-Series data.

MR PONERS: \Which problemwas that?

MR. STAUDEMEIER |'m not sure what the
nunber is.

MR. PONERS: In the 40s or the 30s?

MR, STAUDEMEI ER: Forties again, but we
can get you a copy of the docunentation, if you're
i nterested.

VR PONERS: It would be useful.
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MR STAUDEMEI ER: And t he PUVA data, we're

going to be | ooking at the data that was al ready taken
back i n the SBWR days, so that's existing. Purdue has
devel oped a TRACE st and- al one nodel that everythingis
nodel ed i n TRACE and is run through a main steamline
break cal cul ation. There are sone code deficiencies
that were identified, but it made it through to 7,000
seconds under a main steam |line break cal cul ati on,
whi ch i s equi val ent to 14, 000 seconds of reactor tinme
essentially, so it nade it pretty far into the
transient.

In terms of PUMA, there's some snall
nodi fications to PUVA that are bei ng made ri ght now.
The GDCS is going to be connect -- is in the process
of being connectedto the wetwell, and it actually nmay
al ready be connected as we speak. And sone integral
tests are going to be run to see what the differences
just fromthat change between GDCS connected to the
drywel |, and GDCS connected to the wetwell, to see
that the code can predict the differences between
those two different configurations.

There are sone separate effects tests that
will also be runin PUVA, which are some condensati on
tests that have beenidentifiedfor tube condensati on,

and al so condensationinthe wetwell, and that will be
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used to assess the condensati on nodel s that Joe Kel ly
is going to be developing for TRACE. 1In addition to
the PUVA data, we'll also look at sonme other
condensation tests.

The status of that i s the PUVA stand-al one
TRACE nodel has been run, code defi ci enci es have been
identified, and we'll |look at resolving themin the
near future.

CHAI RMVANWALLI'S: Was it run successfully?

MR. STAUDEMEI ER: Vel |, it ran
successful Iy wi thout crashing, | guess if that's what
you term"success". Sone of the paraneters that have
been predicted were not predicted so well. They
predicted GDCSinjectionto start too early. The GDCS
flow rate, they conpared fairly well. Sone things
conmpared fairly well, sone things didn't conpare that
wel |, which the new condensation nodels | think wll
greatly inprove code results.

MR. BANERJEE: Did it get the pressures
right?

MR. STAUDEMEI ER: No. It over-predicted
t he drywel | pressure, and under-predi cted t he wetwel |
pressure.

CHAI RVAN WALLIS: So you're now going to

tune TRACE to the PUMA test?
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MR. STAUDEMEI ER: No, it's not going to be

tuned. | nean, the condensation nodels are going to
go independently of the PUVA tests. They'll be run
after the condensati on nodel s are i npl enent ed, but we
don't tune or adjust code results based on integra
test data.

Okay. There's a PANDA TRACE nodel that's
bei ng devel oped right now in-house based on the
information fromthe I nternational Standard Probl em
And there wi || al so be coupl ed TRACE/ CONTAI N decks f or
bot h PUVA and PANDA t hat are going to be devel oped to
show that the coupling works, and that the coupled
cal cul ati ons are giving good results.

Ckay. Right now there's a PUMA ESBWR
scal i ng study going on out at Purdue for --

CHAI RVAN WALLI S: How | ong does TRACE t ake

to run conpared with TRACGto sol ve the sanme probl en?

MR, STAUDEMEIER: | don't know how | ong
TRACG takes to run on a given platform 1'd need to
know how long it takes to run -- Shanl ai probably has

nore experi ence.

MR. LU The TRACGto run 72 hours, main
steam line break case. It takes about four days on
RVMS nachine. But youtell transit in 72 hours. It's

very good interns of running the TRACG Right before
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the GDCS | ine break, ook like it's very short. It's
a coupl e of hours, so that's TRACG code. TRACE code
right nowin steady state, we reach very good steady
state code, 120 seconds right now we ran

CHAl RVAN WALLI'S: Steady state is really
of no interest.

MR LU Right. Well, that -- I'mtal king
about the 120 seconds into the main steamline LOCA
case. It takes about 2 hours. GCkay. But right now,
the --

CHAI RVAN WALLI S: It's conmparable with
TRACG

MR LU It's hard to conpare because we
are running on a different platform

CHAI RVAN WALLI S:  You' re runni ng on Cct ave
pl at f or nf?

MR LU The TRACE and the CONTAIN is
runni ng on PCs, Pentium4 and a bi gger CPU. \Whet her
the NRR VWS is --

MR. STAUDEMEI ER:  Yeah, the nmachi nes that
TRACE runs on are quite a bit faster than the machi ne
t hat they have TRACG runni ng on because that's quite
an ol d machi ne.

| believe the PUVA cal cul ation to run out

to 7,000 seconds took on the order of one and a half
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days to two days, and that was on sone ki nd of Penti um
4 that's about two gigahertz. But alot of that tine,
the code was bogged down wth condensation
oscill ations because of the bad condensati on nodel in
the code. And | think the run time should inprove
greatly when the condensati on nodel gets fixed.

CHAl RVAN WALLI'S:  So 59 runs woul d take
hal f a year?

MR, STAUDEMEI ER:  No, not -- | nean, we
have quite a few machi nes that we could run themon at
t he sane tine.

(Laughter.)

CHAI RVAN WALLI S:  Take 59 machi nes, right?

MR. ROSENTHAL: Excuse me. This is Jack
Rosent hal, Branch Chief in SMSMP. You know, it's --
we Wi | | be rel easi ng production, a rel ease version of
TRACE inthe fall. Andright nowwhat you' re doingis
you're conparing times on a beta version of the code.
And as we fix the physics in the code, we expect to
gain some run time speed, so it's just not a good
compari son. Measure us in the fall.

MR. STAUDEMEI ER:  Ckay.

CHAI RMVAN WALLIS: Sothisis asinplified
BWR. There's nothing sinplified about nodeling it

with the code. It's still just as conplicated, and
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t akes as | ong.

MR. STAUDEMEI ER:  Probably | onger right
now because the code was never really made to do all
t he condensati on at | owpressure wi t h non-condensi bl es
that it needs to do for the ESBWR nodel .

kay. The scaling study, PUMA was
designed to a scaled SBWRintegral test facility, and
it's scaled pretty well for that wusing inching
scal ing. The ESBWR contai nnent differs fromthe SBWR
contai nment topologically. The GDCS is now in the
wetwel |, previously it was inthe drywell. Andinthe
non- di mensi onal scaling ratios, |ike power to vol une
and things like that are different things.

CHAI RVAN WALLIS: So the scaling basis is
very nmuch |'i ke the APEX scaling basis, isn't it? APEX
is to AP600 about what PUMA is to SBWR

MR. STAUDEMEI ER. Yeah. Both core hei ght,
both facilities were designed to ook at long-term
cooling phase of the accident. APEX wasn't full
pressure. It was a reduced pressure. PUMA is full

pressure, and it's designed to pick up the transient

partway intoit. It picks up fromthe | ate bl ow down
phase, but from then on, it's a full pressure
facility. And tine runs twice as fast, | think, in

both facilities. So the scaling study should be
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conpl eted by the end of August. W'Il evaluate the
scaling distortions that exist in the present
facility. |If the scaling distortions aren't great,
then nmaybe the tests we're running now with just a
limted nodification connecting the GDCS to the
wetwel | instead of the drywell will be data that's
good enough.

If there' s great scalingdistortions, we'd
have to |l ook at the nodifications necessary to meke
PUVA a well scaled ESBWR test facility, and decide
whether it's worth it to nmake those nodi ficati ons and
do additional testing at that tinme. That decision
will be comng sonetinme in the fall, on what
nodi fications woul d be nade, what inpact they would
have on the tests, and whether to make --

CHAI RVAN WALLI S: So this facility and
this plan was not designed to answer specific
guestions. It seens to be just sort of a catch-all,
where you want it and then you use it in ways yet to
be determ ned.

MR. STAUDEMEIER  Well, it's to | ook at
integral system response and provide data for the
codes that's representative of things that go on the
SBVWR.

CHAI RMVAN WALLIS: It's a very general kind
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of purpose.

MR STAUDEMEIER Right. It's nore --

CHAI RVAN WALLI S: In other words, if
you' re focusing on certain key questions which have
been identified --

MR. STAUDEMEI ER: Wel |, passive heat
renoval and systeminteractions between the various
pl aces due to passive heat renoval, | guess is the
main thing that the facility is looking at to make
sure there is no, | guess, surprises that pop up which
-- and al so, to | ook at the whole transient fromnear
t he begi nning all the way through | ong-termcooling,
which it's -- | guess that's the one thing that nakes
it unique conpared to the other facilities, is it
covers a longer range of tinme in the accident.

Okay. PUVA confirmatory testing.
Currently right now, the old PUVA test data is being
used f or TRACE/ CONTAI N code assessnent. Modifications
are underway to connect the GDCS change to the
wetwel I, and the sanme tests will be run in that
configuration to exanmne the differences in the
facility response between the two different
configurations, and see that the code can predict the
differenceinthetwo different configurations. O her

than the connections, the tests will be run in as
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i dentical a manner as possi bl e.

As | said, additional nodifications may be
needed or identified based on the outconme of the
scal i ng study, which shoul d be avail abl e at t he end of
August. And al so, the separate effects tests will be
used t o study tube and suppressi on pool condensati on.
It will be used as additional data for code assessnent
of the condensation nodels that Joe Kelly is going to
be putting in the code.

The integral testing with this limted
nodi fication is planned to start in August. Separate
effects testing is planned to start in Septenber, and
a decision on additional facility nodifications and
testing will be made in the fall after we get the
results of the scaling study, and do sone sort of cost
benefit study on the outcone of that.

MR. ROSENTHAL: Do you expect --
BANERJEE: Before we get on to --

ROSENTHAL: Ch, |I'msorry.

2 3 3

BANERJEE: | was just going to ask
you, the SBWR and PUVA were scaled, if you agree with
t he scaling nmethodol ogy they were scaled. And then
the ESBWR is just double the power or sonething
roughly, and volune. So why do you expect such a big

difference in the scaling between the two?
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MR. STAUDEMEI ER: Wl |, the vol unes aren't

scale. Like you double the power, but the drywell
volume isn't doubled, or the wetwell volume isn't
doubl ed. So actually, | think the first ook at it
| ooks like you would have to renove volune in the
wetwel | from PUVA, which woul d nean putting maybe --
| think one idea was putting hollow steel balls in
there or sonmething to take up sonme of the vol une.

MR. BANERJEE: Yeah, | renenber now,
because the PANDA P-Series was different from the
M Series. The volunmes were all adjusted, so that's
what -- that's the main difference.

MR. STAUDEMEI ER:  Ri ght.

MR. BANERJEE: (kay.

MR. ROSENTHAL: Before we get into just
the one slide on severe accident, if we try to | ook
into the future sonme nonths or a year or so, one could
anticipate that the real issues, or that therew !l be
issues on the SBWR concerning stability, neutron
t hernmohydraulic stability, and ATWS and stability
behavi or during the course of an ATWS. And in
anticipation of that, what you want is a code that
couples neutronics and thernohydraulics in the
contai nnment, and so that's the PARCS, TRACE/ CONTAI N

coupling, will give us the tool to independently
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assess. | anticipate there'll be questions a year
from now.

Simlarly, we did do some work with PUVA
and we're about to publish results of some stability
tests where, you know, they're electrically heated
rods, and we changed the heat flux just wusing
controllers, but did get some stability tests which
allow us to benchmark the code. And so it is
reasonable to anticipate that PUVA may play a role a
year from now in answering questions concerning
stability, so stability during the course of an ATWS
is of particular interest to ne. But, of course,
that's what |1've just said, trying to anticipate the

future is somewhat specul ative, and | think that Joe

is absolutely right, you know, in saying we'll do the
scaling analysis. W'Ill do the analysis, and if it
makes sense, we'll run the facility. And if it

doesn't make sense, we won't do it.

MR STAUDEMEI ER: Stability experinmentsin
PUVA are the type of experinments that we | ooked at in
pre-EPRI, whichis the flashinginstability, withthe
flashing in the chimmey region. It's not density wave
instabilities.

CHAI RVAN WALLI S:  That's dependent on t he

bal ance bet ween gravity and pressure, so howdo you do
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this in a systemwhich isn't full height? Do you run
it at --

MR. STAUDEMEI ER° Wl |, you have to | ook
at your scaling groups and what they tell you about --
excuse ne?

CHAl RMVAN WALLI'S: Runit at pressure bel ow
the pressure that's actually anticipated i n the SBWR?

MR. STAUDEMEIER Well, it'Il flash at --
| mean, the elevation where it flashes will be | ower.
So as | said, the Dps are scaled by a quarter, so that
this pressure is full scale, but Dps are scal ed by
quarter height, so the --

CHAl RVAN WALLI'S:  Well, | don't know if
t hat wor ks out.

MR. STAUDEMEI ER:  You have to | ook at the
scaling --

MR. BANERJEE: Yeah. [If you want to do
that, the nodification needed is nake it full height.

MR. STAUDEMEI ER Right. But | nmean, you
get non-di nensi onal equations in scaling groups, and
you can conpare that to the --

MR.  BANERJEE: No. | think G ahans
question is the one that we all have, is as they were
sayi ng, you've got this colum of water right at the

top that starts to boil. And the reason it starts to
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boil is, of course, that the suppressed boiling dueto
this gravity head.

MR. STAUDEMEI ER:  Ri ght.

MR. BANERJEE: And then it goes out of
boiling, and it conmes back into boiling. And, you
know, how do you do it without that gravity head? |
don't understand that.

CHAl RVAN WALLI'S:  You have to run it at
| ower than design pressure.

MR. BANERJEE: You'd have to do sone mgj or
change, |ike G ahamis sayi ng.

CHAI RVAN WALLI S:  Then you' ve changed al |
t he properties.

MR. RANSOM |'ve never quite understood
the desire to, you know, try and nmaintain exact
simlarity, which is never done, you know, in any of
these test facilities. But interns of gravity, this
sticking to full height it seenms to ne is -- may not
be, you know, a necessary criterion. And in fact,
|'ve never understood why you can't use the codes
whi ch enbody all the physics of the hydrostatic head,
and the flashing effects, and conpare full scale with
limted scale. And basically, we did do that i n PUVA.
And, you know, withinlimted scaling. | nmean, if you

go to extremes, of course, you would -- sone of the
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phenonmena m ght di sappear. But examinethesimlarity
using the codes. It doesn't necessarily nean they're
exactly right, but you can go back and exam ne how
wel | does that kind of facility sinulate the behavi or
by conparing it with say a full-scale nodel of the
plant. And | think that's been quite successful in
that case. And you really need to | ook at it on that
basis. You have to | ook at a code nodel for the test
facility, and a code nodel for the full-scale plant,
and then conpare those two to see are the sane
phenomena present.

MR. BANERJEE: Sure. | nean, you can get
t he same phenonena. Just heat up the core nore and
you'll get boiling at the top. | nean, it's always
possi bl e.

MR. STAUDEMEI ER: | guess one thing --
nmean, you come up with a stability boundary based on
non- di nensi onal equati ons, and maybe you run your code
toseeif it predicts the sane stability boundary t hat
the experinment does, and that gives you sone
addi tional information of whether it can predict the
stability boundary in the full height.

MR. BANERJEE: The problem with Vic's
argunent is really that the code should be a scaling

t ool . And everything you do with the code, every
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experiment youdois, therefore, relevant. It doesn't
really matter. That's true if the code converges in
a mat hemati cal sense. Most of these codes, however,
depend on fancy nodalization to make themcone cl ose
to reality. And the nodalization beconmes a part of
t he problem and that's part of the CSAU net hodol ogy.
We under st ood t hat t hese codes woul d not conver ge when
we set that up.

MR SCHROCK: | don't believe in that.

MR. BANERJEE: Well, but that's exactly
what happened.

MR,  SCHROCK: | mean, you're naking
approxi mati ons that are far greater in all the nodels.

MR. BANERJEE: You al ways change answers.
| mean, you saw that with the way the | ower plenumis
nodal i zed in AP --

MR. SCHROCK: But those are for different
reasons. Those don't have anything to do with --

MR. BANERJEE: No, no, no. " m sayi ng
they don't --

MR, SCHROCK: Or converginginthat sense

VR. BANERJ EE: You change t he
nodal i zati on, you change the answers. Unfortunately,
that's the state of the art right now. And, therefore

-- | mean, you want the experinments to be as nearly
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representative of reality as you can be, because you
want to nodalize themroughly the way you're going to
do it with the full plant.

MR, SCHROCK: Well, you can sinply test
t hem by the nodel of the experinent. And, you know,
t hese t hi ngs have to have sone simlarity between the
actual plant and the experiment in ternms of |ower
pl enum core |ocations, where the containment is
| ocated. But generally, the experinmentalist triesto
do that.

CHAI RMAN WALLIS: There's a sequence of
events though. It may be that if you have this col um
of wat er suppressing the flashing that you won't get
flashing. But then if you have a much shorter col umm
of water in another test, you wll get flashing.
You' re getting sonethinginonetest that wasn't there
in the other test.

MR. STAUDEMEI ER: Well, the flashing
happens at a hi gher el evation. The fluids don't keep
going up. At some point, it's going to flash.

CHAl RVAN WALLI S: The sane pressure -- the
way it progresses depend on this hydrostatic head, so
sonmething is going to be different about that.

MR. RANSOM Well, the distribution wll

be different within the core. That's true, but in
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general though, you wll -- if it's a boiling
situation you will not see no flashing in one case,
and sone in the other. 1 nmean, and yes, appear in one

and not in the other.

CHAl RVAN WALLIS: But if youtry to scale
flashing you'll findthat the el evationthings matter.

MR.  RANSOM I think it would be
worthwhile to | ook at sone of these results that have
been obt ai ned for, you know, the different scal es, and
t hen conparing the two.

CHAI RVAN  WALLI S: Vell, presumably
flashing is one of the scaling paraneters, and this
PUVA scaling study is --

MR. STAUDEMEI ER:  Yes. The report is in
draft form It should be finalized pretty soon, and
you can get a copy of it.

CHAI RVAN WALLIS: Did they convince you
that everything is all right?

MR. STAUDEMEI ER: | haven't read it yet,
so | don't know.

MR. BANERJEE: Well, Joe, as you know,
scaling for different accidents is very different,
whet her you do it for a large break LOCA, snmall break
LOCA, stability or whatever. Soif stability is going

to be one of the nost inportant things you're | ooking
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at, then a scaling study has to be, you know, directed
in that direction specifically.

MR. STAUDEMEIER.  And it is --

MR. BANERJEE: Because it will be very
different for a large break LOCA or a small break
LOCA, or sonet hi ng.

MR. STAUDEMEI ER. Yeah. There was scal i ng
anal ysis performed specifically for the stability
experiments.

MR. BANERJEE: Ri ght.

MR. STAUDEMEI ER: And that will be in the
final report docunent.

MR. PONERS: Let me just interject that
the way | understand, and |I'm also extrenely
synpathetic with Vic's point of viewon this. Wen
you put together a facility, any experinental
facility, you're not perfectly sinmulating anything.
And if it so extraordinarily sensitive to one
paraneter, that is the height, that you cannot in any
way nodel it in sone approximate sense, it seens to
me, that it hopeless to build the plant. Because when
it gets fabricated, it is not going to be exactly the
sane hei ght as pl anned.

MR. BANERIJEE: It doesn't have to be

exactly, but it shouldn't be one-quarter either.
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There's a big difference.

MR. PONERS: Well, it'salittle bit of a
j oke about the worman in the bar and the m|lion dollar
of fer here. W know what you are, we're just arguing
over price here.

(Laughter.)

MR. BANERJEE: A question of degree, |
t hi nk.

MR KRESS: | don't think we should
prejudge this issue until we see the scaling anal ysis.
| thinkit's entirely possibleto have afacility |like
PUVA | ook at the flashing instability. You may have
to change some other parameters, such as the inlet
subcooling or the inlet heating or sonething |ike
that. | think you can look at it. 1'd be anxious to
see the scaling first.

MR. PONERS:. The | arger issue, it seens to
me, Tom is that we invent these incredible conplex
and detailed conputer codes, but when it conmes to
desi gning our tests, we go back to very approximte
back of the envel ope calculations. It's surprising
that we don't nmke greater wuse of the codes
t hensel ves.

MR. KRESS: To do the scaling analysis.

Yeah, you could very well wuse it, adjust these
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paraneters to see whether or not you get --

CHAI RMVAN WALLI S: | think that's a very
good point. Before | would put alot of noney into a
quarter-scale experinent, | would want to run TRAC,
TRACE or sonething to showthat I'"mgoing to find the
ki nd of phenonena that |1'm |ooking for, and there
isn'"t sonething which is affected by having it a
quarter.

MR. STAUDEMEI ER:  Yeah. | nean, | think
that will be done.

CHAI RMAN WALLI'S: | m ssed sonething or
i ntroduced sonething which wasn't there in the ful
hei ght .

MR STAUDEMEI ER: Yeah. In the PUVA
design, | think RELAP-5 was used to --

MR. RANSOM Right. In fact, evenin the
proposal we did that, you know, and showed that the
same phenonena wer e present or predicted to be present
in the sub-scale situation, and satisfied ourselves
t hat that was a reasonabl e approach. And | think in
the end, it really turned out that way.

MR.  STAUDEMEI ER: I'"d also Iike to add
that it's interesting what a difference the head of
t he subconmm ttee can nake, because we're now going to

hit Canton with sone of the subcommittee. He is
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absol utel y agai nst runni ng sonmet hing | i ke RELAP-5 end
hel ping to do your scaling and work things out, so
it's a mtter of opinion, I think, in some cases.

MR. BANERJEE: Well, it's sort of a
chicken and egg problem It's an iterative process
because if the code can't handl e say oscillations or
sonet hing, as you renenber at that time, there was a
probl em because in the core uncovering phase, the
codes would go into these enornobus oscillations
because it would slip at | ow pressure. So how coul d
you use the code to do any scaling anal ysis?

MR. STAUDEMEI ER:  Yeah.

MR. BANERJEE: And |van was absolutely
right.

MR. STAUDEMEI ER:  Yeah, you have to use
good judgnment in how you --

CHAI RVAN WALLIS: Well, renenber AP600.
We had t his business of the fangs, the CMIS fill ed up
with water.

MR. STAUDEMEI ER:  Ri ght.

CHAI RVAN WALLI S:  And t hen when you went
tothe full-scal e, there was enough gravitational head
so this never happened.

MR. STAUDEMEI ER: That's not true exactly.

CHAl RVAN WALLI'S: So it was a phenonenon
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whi ch changed conpletely when you went from snall
scale to --

MR. STAUDEMElI ER:  What happened in ful
hei ght RELAP-5 cal cul ations --

CHAI RVAN WALLI'S:  You couldn't possibly
suck the waters up that far because there was so nuch
gravitational head.

MR. STAUDEMEI ER: It depended on the
break, actually. For that one break, it couldn't
happen, but there were other breaks where it actually
coul d happen, and di d happen i n RELAP-5 cal cul ati ons.
It was alimted viewpoint, | think given at the tine,
that it could only happen in --

CHAI RVAN WALLI'S: | see. GCkay. Well, we
shoul d probably nove on

MR. STAUDEMEI ER: Ckay. For severe
acci dent anal ysis, there's a MELCOR nodel that's under
devel opnent . Look at in-vessel nelt retention and
ot her severe acci dent managenent strategies --

MR. KRESS: Has that been put forth as an
acci dent managenent strategy by GE?

MR. STAUDEMEI ER: | think unofficially
it's been put forward. | don't think there's any
of ficial docunents yet that say that.

MR. KRESS: Well, the only database | know
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is for PWR, so we don't have this forest of control
rods com ng up there. | don't know how you deal with
that in ternms of cooling onthe outside of the vessel.

MR. STAUDEMEI ER:  Yeah. So as | said,
that the calculations will be starting | ater on, once
we get nore of, | guess, some official information
from GE on what needs to be anal yzed. And also, the
severe accident calculations will be supporting any
PRA studies that go on for this plant.

MR. PONERS: It matters not on your heat
transfer. | nean, there's sonme cooling chem stry that
will take it --

MR. KRESS: The chem stry will take care
of it for us.

MR. PONERS: W won't have to worry about

MR, ROSENTHAL: | think that the --
actually, we had a Lesson Learned from AP1000, where
we did a lot of early thernohydraulic work, and then
had to play catch-up in the severe acci dent arena. So
we got alittle bit smarter now with ESBWR, and said
okay, the thernohydraulic work i s obviously starting
far in advance of | ots of other disciplines that exist
in NRR, for exanple. You're hearing -- as you

observed, you're only hearing a small piece of all the
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ki nds of review that woul d be done, but we recogni ze
that we should start building a MELCOR deck now so
that we'd be able to answer the questions to support
the PRA review, rather than waiting a year from now.
And that's all we're really trying to do, is get a
start on what we know wi Il be inportant.

MR KRESS: Did the GE PRA use MAP?

MR, POVERS: Shows sound good thinking
t here.

MR. STAUDEMEI ER: | also think they may
have a MELCOR nodel for GE. And I' mnot sure what the
status of that is, and that we nmay be getting a copy
of it.

MR PO/ERS: More interesting than
i n-vessel retentionis goingto be acci dent nanagenent
strategies to control gaseous iodine.

MR. STAUDEMEI ER:  COkay. The summary of
what we're doing is --

MR POVNERS: | nean, the problemis you
put theminto -- the iodine into the suppression pool
and yo continue to blow gas through it, you're going
topull it right back out again. | nean, it's a clear
result out of NUREG 1150, as you continue to blow
t hrough t he pool s, you just pull the iodineright back

out again.
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MR. STAUDEMEI ER: Ckay. Most of the

pre-application work is on schedule. W're alittle
bit behind on the testing reviewconpared to where we
wanted to be initially, and also the CONTAI N TRACE
coupl i ng. | think we had hoped to have sone full
cal cul ati ons done by this tinme, and have run into a
fewproblens with that. But |I think we're on schedul e
to resolve themfairly soon.

MR. SCHROCK: And that contai ned coupling
to TRACE is related to the pre-application review?

MR. STAUDEMEI ER Well, | know NRR wants
to use sone of these «calculations in their
pre-application review as conparing -- doing some
i ndependent calculations to conpare to the TRACG
cal cul ati ons.

MR SCHROCK: Because when | read that, |
t hought they werereferringtoresearch conmtments to
assist NRRin the --

MR, STAUDEMEI ER: Vell, it's both of
t hose. Yeah, both of those activities are for
pre-application review, both the assistance in
reviewing the topical reports, and also this
TRACE/ CONTAI N coupl i ng.

And the additional activities in support

of the design certification, they're not on quite as
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tight a schedule, and | think they should be done to
support the design certification review. W should
have code nodifications and assessnent done by that
time, and have a fairly well-assessed code that NRR
can use to do i ndependent accident cal cul ations.

And we nmay identify some additional
activities in the future as GE submits additional
i nformation, such as ATW5 and stability, that wll
require at |east sone additional code assessnment to
| ook and see that the code i s okay for predicting that
type of stuff. Any nore questions?

CHAI RVAN WALLI'S:  Thank you very much
|'"'m trying to figure out what we need to do now.
W' ve | earned from GE and from RES and from NRR what
the status of thingsis, andit seens premature for us
to reach any concl usi on what soever.

M5. CUBBAGE: Ri ght . I think at this
stage, we're not requesting a letter, but we'll be

com ng back inthe fall with adraft safety eval uation

report.

MR KRESS: It's on the Full Commttee
agenda?

CHAI RVAN WALLI S: That's why | was aski ng.
| think there's sonething on the Full Committee
agenda.
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MS. CUBBAGE: Oh, Full Commttee, we're on

t he agenda this Thursday at 12:45.

MR. CARUSO. Do you expect anyt hi ng out of
that, or is that just a get to know you neeting?

M5. CUBBAGE: | believe it's just an
i nformational brief.

MR. CARUSO You don't expect a letter or
a report, or anything like that.

M5. CUBBAGE: No, we don't.

MR. CARUSO But the neeting on Thursday,
that's not just going to be thernohydraulics. That's
going to be ESBWR R ght?

M5. CUBBAGE: Well, it's avery short tine
wi ndow, and | believe GE is going to nake a short
presentation, and the staff is going to be avail able
if the coomttee has any questions.

CHAI RVAN WALLIS: But it's not related to
this Subcommittee Meeting, is it?

M5. CUBBACGE: Yes.

CHAI RMAN WALLIS: Is it sonething el se?

M5. CUBBAGE: It is related to this.

CHAI RVAN WALLIS: It is?

MR CARUSO Is it? It's supposed to be
t hernrohydraulics, or is just to be an overview of

ESBWR. That was ny under st andi ng.
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M5. CUBBACE: Well, Atam what do you have

pl anned for Thursday?

MR. CARUSO Well, do you guys want the
nmeeting on Thursday? | know what you want. Excuse
me. You're not going to get that.

MR. POAERS: They wish it was --

MR. CARUSO What you expect.

MR. PONERS: Wel |, put a proposal in front
of Tom He mght go for it.

MR. RAO No. Wat we wanted was answers
on these questions, do these | ook |ike there are any
significant issues on the thing. But I think G aham
has said that you don't have the information to pass
any judgment on any of those i ssues, and so actually,
maybe at this stage, it's premature to have a neeting
actual ly.

CHAI RVAN WALLI S: Well, you're on the
schedule and it's in the Federal Register.

MR. RAO Yeah.

MR. CARUSO You have to cone and tal k.

CHAl RVAN WALLI'S:  You have to do it.

MR. RAG Yeah. W can talk. You know,
we can tal k.

(Laughter.)

MR. CARUSO Well, you' ve been summoned to
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Washi ngt on.

MR. RAC It's after lunch, and so we
don't want to make it such that it puts everyone to
sl eep.

CHAI RVAN WALLI'S: How | ong do you have to
talk? It's a long tine, isn't it? It's a major
t hi ng.

MR RAO It's a two hour w ndow there.

CHAl RMVAN  WALLI S: Yeah, that's ny
i npression, it's a major thing.

M5. CUBBACGE: As you could tell fromthis
norning, Atamw |l be able to fill that easily.

CHAI RVAN WALLIS: What are you going to
do, try to conpress what we heard today i nto these two
hours? What's the intent?

M5. CUBBAGE: No, the staff won't be
presenting. And | think you' re basically just going
to hear --

CHAI RVAN WALLI S: The staff won't be
presenting at all.

MS. CUBBAGE: No.

MR. CARUSO That's why | said, | thought
this was just a get to know you type presentation.

CHAl RVAN WALLI S: Get to know you? W

knowyou all. | think the Full Committee has seen you
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before too. And ny advice would be to give nore
substance than the sort of sales pitch to the ESBWR,
whi ch we' ve heard before, which is very nice. But I
would -- and | think what's inpressiveis that thisis
the results that you can always go sonething like 2
neters of coll apsed water above the core no matter
happens, and you've got -- you know, not sort of
pushi ng some regul atory limt. You seemto be steering
way clear of all theregulatory limts, andthat's the
sort of message | think you want to convey, a nessage
of what you've | earned fromyour testing, and why the
testing is adequate to give confidence in your
assertions.

MR. SCHROCK: Operators have alot of tine
to sit around and think about that.

CHAI RMVAN WALLIS: Right. That's what |
woul d think you want to concentrate on, because the
comm ttee has seenthis sort of thing, the overvi ew of
what this thing is, and why it's a good nmachi ne, and
beautiful and everything. WE' ve heard all that
bef ore.

MR. KRESS: | think you may need to do a
little of that.

CHAI RVAN WALLI'S: You may do a little bit

of that to orient them but the main thing is what's
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the bottom |line? This thing seens to be nmuch nore
conservatively safe than all of the other things that
are out there. Isn't that the nessage you want to put
across?

MR RAO  Yes.

CHAl RVAN WALLI'S:  And also, | think the
adequacy of the test programis sonething you naybe
need to put across.

MR. KRESS: O at |east bring up the point
that that's the issue we're | ooking at.

MR. RAO. Fromour perspective it's, you
know, the idea of trying to get closure on sone of
these issues is a very inportant consideration from
our perspective.

MR. KRESS: | think you had a couple of
slides that showed t he extent of the test programt hat
exists, which | think is very brilliant. | don't

think we saw that before, and that's worth bringing

out .

MR. PONERS: | think you can rest assured
you will get a question on your material selection
program

MR RAG | think I've made that clear.
CHAI RVAN WALLI S: Is there enough for you

to go on, to know what you want to present? It's your
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opportunity to get this ball rolling, it seens to ne,
before the Full Conmttee in a serious way.

MR RAO Ckay. WE Il investigate that.

CHAI RVAN WALLI S: Now from what we've
| earned today, and l'dinvitethe Commttee Menmbers to
give comments, do we want to have it on the record?
' mnot sure we need to have the record, do we?

MR. CARUSO | woul d suggest -- | nmean,
Graham if you want to, you could tal k about the fact
that we had this neeting, and that they presented a
| ot of information about the test prograns.

CHAI RMAN WALLI S: That's for Thursday.

MR, CARUSO. For Thursday.

CHAl RVAN WALLI'S: R ght. But | thought
just to round-out today, | think we ought to have sone
frank opinions fromthe Conmttee Menmbers. |'m not
sure this needs to be onthe record. Are we obligated
to have it on the record?

MR. CARUSO. You nean t he di scussi on ri ght
now?

CHAl RVAN WALLIS: Yes. If we have a sort
of a caucus or discussion.

MR CARUSO It doesn't have to be.

CHAI RMVAN WALLIS: Can we say goodbye to

the record?
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VMR CARUSO | think so.

CHAI RMVAN WALLI S: Ckay. So pl ease cl ose
the record now Now we'll be off the record.
(Whereupon, the proceedings in the

above-entitled matter went off the record at 6:34

p.m)
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